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ABSTRACT 


The metabolic rate and serum protein-bound iodine were measured 
adrenalectomized rabbits maintained 1.2 mg. cortisone daily. When 
this dose was reduced level ranging from 0.15 0.3 mg. daily, the meta- 
bolic rate rose significantly without corresponding change serum protein- 
bound iodine. The possible mechanisms involved are discussed. 


XPERIMENTAL evidence rabbits suggests that the presence 

decrease available adrenal corticoids, there increase 
thyroid function. Marine and Baumann (1) demonstrated rise meta- 
rate the majority rabbits which survived longer than the initial 
post-operative period following either bilateral adrenal removal destruc- 
tion the adrenal cortex freezing. This increase metabolic rate was 
not observed after bilateral adrenalectomy thyroidectomized rabbits (2). 
More recently, Brown-Grant al. (3) observed rise the thyroidal 
release rate radioactive iodine when the cortisone maintenance dose 
adrenalectomized rabbits was reduced. 

The following experiment was designed further clarify the relation- 
ship between thyroid and adrenal function rabbits. Metabolic rate and 
serum protein-bound iodine were studied adrenalectomized rabbits 
receiving control and reduced doses cortisone. 
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METHODS 


Mature male rabbits mixed strain, weighing from 2.0 4.0 kg. were used. Bilateral 
adrenalectomy was performed animals through transabdominal approach. Ade- 
quacy operation was checked gross inspection autopsy. The re- 
sponse stress was assessed well animals and found absent (4, 5). The 
rabbits were maintained daily dose 1.2 mg. cortisone administered 
subcutaneously. 

There was interval least weeks between adrenalectomy and the beginning 
any study. the animals, served controls and received 1.2 mg. cortisone 
daily for the duration the experiment. Six studies were carried out with the remaining 
animals. Each these experiments was divided into periods, weeks length, 
during which least metabolic rate and generally serum protein-bound iodine deter- 
minations were carried out. During the first and third periods, the animals were main- 
tained 1.2 mg. cortisone daily. The dose was reduced level which ranged be- 
tween 0.15 and 0.3 mg. daily during the second period. each animal, the values for 
metabolic rate and serum protein-bound iodine obtained during periods one and three 
were combined for comparison with those period 

The metabolic rate (M.R.) was from the oxygen consumption measured 
closed system apparatus over 40-minute interval. The value for M.R. was ex- 
pressed terms calories per square metre per The rabbits were fasted and 
kept constant environmental temperature for hours prior each 
determination. They were then weighed and had their rectal temperatures measured. 
the whole, the rabbits rested quietly while their oxygen consumption was being 
determined. 

The serum protein-bound iodine (PBI) was determined the method Barker 
al. (7). Each sample was measured either duplicate triplicate, and expressed 
terms per 100 ml. 

The significance differences was assessed with Student’s test (8). was con- 
sidered significant .01 less. 


RESULTS 


There was appreciable change rectal temperature activity dur- 
ing the measurement M.R. all the animals during the experimental 
interval. general, the body weights tended rise gradually small 
increment both the control and test groups. 

The results M.R. and PBI determinations are summarized Tables 
and the control animals significant change was seen the 
M.R., whereas the PBI remained constant animal, fell another, and 
rose the 

each the test animals there was significant rise M.R. during 
the period reduced cortisone dosage, and corresponding change 


Merck, Sharp and Dohme. 

Two separate studies were carried out with rabbit No. 15. During the second 
these, was continued period two for weeks cortisone maintenance dose 
0.2 mg. daily. the end this time the animal died, before the maintenance dose could 
increased the control level. There are data for third period this study. 

From the random changes PBI the control animals, the degree possible 
biological and/or methodological variation this index rabbits can appreciated. 
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TaBLE METABOLIC RATE AND SERUM PROTEIN-BOUND IODINE CONTROL ANIMALS 


Periods and cor- Period 2,* cortisone PBI 
tisone 1.2 mg./day 1.2 mg./day 
bit 


*This period corresponds that cortisone deprivation test animals. 
Cal. per sq. per hours. 

per 100 ml. 

Mean and standard deviation. 


PBI. representative graph M.R. results for one the test animals 
shown Figure apparent that the M.R. rose within week 
decreasing the dose cortisone, and returned the previous rate within 
week increasing the dose its former level. 


DISCUSSION 


examining Tables and becomes apparent that there was 
moderate spread the M.R. and PBI data individual rabbits during 
each period the experiment. may asked the rise observed 
the M.R. the test animals during the period reduced cortisone therapy 
might due variations unrecognized and uncontrolled biological 
factors rather than being related the known change therapy. was 
established that the rise M.R. was not only consistent, but also that 
was statistically significant. similar change was found contempo- 
rary control animals which were similarly treated all respects other 
than being maintained constant dose cortisone. Rectal tempera- 
tures, body weights and activity the animals showed constant change 
which might account for the rise M.R. the test group. well, there 
was consistent associated change the PBI. 

appears most likely that the reduction steroid therapy was respon- 
sible for the rise M.R. There are two apparent mechanisms which 
this might without corresponding change PBI: 

increased rate release hormone from the thyroid gland, with 


TaBLE 2. METABOLIC RATE AND SERUM PROTEIN-BOUND IODINE OF TEST ANIMALS 


Periods and corti-| Period cortisone PBI 

sone 1.2 mg./day mg./day 

M.R. PBI M.R. PBI Change Change 

15*| 777+64 2.2+0.3 889+78 2.2+0.2 +112 


This animal was studied two occasions. 
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Period Period Period 
1000 


900 
ee e 
700 
600 
weeks 


Metabolic rate rabbit No. while receiving control 
and reduced cortisone maintenance therapy. 


equivalent increase the rate which the hormone leaves the serum 
being accompanied rise its metabolic activity; 

ii) enhanced biological effectiveness fixed amount thyroid hor- 

mone. 

Several observations support the first hypothesis. Marine and Baumann 
(1) demonstrated rise metabolic rate following either adrenal destruc- 
tion removal. This did not occur animals which were previously 
thyroidectomized (2). These findings suggest that the rise metabolic 
rate was related functioning thyroid gland. Brown-Grant al. (3) 
observed increased thyroidal release rate radioactive iodine adre- 
nalectomized rabbits maintained reduced dose cortisone over 
interval several days. assumed that this reflects increased rate 
hormone output from the thyroid gland and that this would persist for 
weeks were possible follow this index over longer intervals. 
The present observations indicate that when reduced cortisone replace- 
ment therapy administered over interval several weeks, the PBI 
remains constant although the M.R. becomes elevated. These findings sug- 
gest that there increased output thyroid hormone while the 
animals are receiving reduced cortisone therapy, there may equiva- 
lent increase the rate which the hormone leaves the serum, and 
associated rise its metabolic activity. 
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There less direct evidence favor thyroid hormone having 
enhanced biological effectiveness the presence reduced cortisone 
maintenance therapy. has been shown animals given large doses 
thyroid hormone thyrotropin, that the negative nitrogen balance (9) 
and weight loss (10, 11) both become less marked adrenal extract 
cortisone administered well. Bastenie and Kowalewski (12) demon- 
strated that whereas thyroxin administration hypophysectomized rats 
produces rise oxygen consumption, those treated with ACTH well 
show such change. These observations suggest that glucocorticoids may 
some manner interfere with the peripheral effectiveness thyroid hor- 
mone. possible that the presence reduced amount gluco- 
corticoid the biological effectiveness fixed amount thyroid hormone 
may become enhanced. 

Although the present observations not permit definite conclusion 
drawn, the evidence favors the first hypothesis. possible that 
both other mechanisms may contribute the observed changes. Studies 
are progress clarify this further. 
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ABSTRACT 


was found that dietary concentration mg.% (3,5 diiodo- 
thyroacetic acid) optimal for the prevention elevated liver cholesterol and 
lipid concentrations the rat fed high fat diet containing cholesterol. 
Diac also reduced previously elevated liver and lipid concentrations 
chow diet control values within three weeks. Growth rates were not affected 
the level, but progressive decrease growth and increase oxygen 
consumption rates occurred dietary levels ranging from 100 mg.%. 
Feeding the high fat diet containing cholesterol and mg.% for 
five months produced vitamin deficiency. This condition could cor- 
rected dietary supplementation with vitamin and further injurious 
effects were observed. 


has been made number thyroxine analogues for 
compound which will produce maximum reduction tissue cho- 
lesterol and lipid concentrations without significantly affecting other 
biological parameters such oxygen consumption and growth (1, 2). 
the compounds tested, 3,5 diiodothyroacetic acid appeared 
the most preferential this respect, and deserves further consideration 
potential agent for the control cholesterol metabolism persons 
predisposed towards atherosclerosis (3). more extensive study this 
compound has been made cholesterol-fed rats, and the results these 
investigations constitute the subject matter this report. 
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METHODS 


Weanling male Albino rats (Holtzman) were housed pairs wire mesh-bottomed 
air conditioned animal room maintained approximately 25° Except 
for the first experiment which the cholesterol and cholic acid content the diet was 
varied, the animals were fed basic 19% casein, 29% lard, cholesterol diet (Table 
1). Food and water were supplied libitum. The animals were weighed weekly 
intervals for period three weeks, the end which time measurements were made 
the individual oxygen consumption rates where such data appeared pertinent. After 


TABLE PERCENTAGE COMPOSITION THE PURIFIED HIGH FAT-CHOLESTEROL DIET 


Gm. 


Casein 19.00 
Glucose 
Lard 
Salts! 3.00 
Cholesterol 1.00 
Cod liver oil? 0.30 
Alpha tocopherols 0.03 
Water soluble vitamins Mg. 
Thiamin 0.375 
Riboflavin 0.470 
Pyridoxine 0.375 
Nicotinic acid 1.875 
acid 1.875 
Choline chloride 187 .500 
acid 0.375 
Vitamin 0.015 
Biotin 0.094 
Inositol 


Phillips Hart Salt Mixture. 
Vitamin per gram and Vitamin per gram. 


the completion these determinations, the animals were anesthetized with ether and 
heparinized blood samples were collected heart puncture for plasma cholesterol 
measurements. Liver specimens were also obtained for liver cholesterol and total lipid 
determinations. These values were calculated per cent fresh weight. The methods 
and procedures employed have been described previous communication (2). 


RESULTS 
Selection diet 


our first experiments (1, purified diet low protein (16% casein), 
high saturated fat (29% lard), and containing cholesterol plus 0.5% 
cholic acid was employed. known that these factors enhance hyper- 
cholesterolemia the rat (4-10), and feeding this diet elevated the plasma 
and liver cholesterol concentrations from average chow diet control values 
and 300 mg.% 438 and 6,350 mg.%, respectively. However, be- 
cause the introduction many dietary variables, interpretation 
the effects upon tissue cholesterol and lipid concentrations 
difficult. Consequently, the protein content the basic diet was raised 
19%, and the effects various dietary levels cholesterol and cho- 
lic acid were evaluated with the intention selecting more physiological 
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diet. The regima shown Table were fed eight groups eight wean- 
ling male rats for three weeks, after which the animals were sacrificed and 
plasma and liver cholesterol and liver lipid concentrations were determined. 
Cholesterol and cholic acid were incorporated into the basic diet the ex- 
pense the carbohydrate. can seen from Table that the basic high 
fat diet (HFD) without additives produced very little effect liver 
cholesterol and lipid values. However, plasma cholesterol concentrations 
were elevated. The addition 0.1%, 0.5%, and 1.0% cholesterol the 
diet produced progressive increase liver cholesterol, and the 0.5% and 


TABLE EFFECT FEEDING VARIOUS LEVELS CHOLESTEROL AND CHOLIC ACID FOR 
WEEKS AVERAGE WEIGHT GAINS AND TISSUE CHOLESTEROL AND LIPID CONCENTRATIONS 


Purina chow 70+ 425+ 
HFD* 122+12 437+ 12.4+1.36 
cholesterol 103 +7.1 93+ 902+ 12.0+2.14 
cholesterol 103 +4.0 108 +13 2050+ 18.3+2.45 
HFD +0.1% cholesterol 
cholesterol 
+0.5% cholie acid 91+6.4 4760 
cholesterol 
+0.5% cholie acid 115+8.2 6740 +250 29.7+2.0 


The basic high fat diet (HFD) had the same composition that the diet shown 
Table except that cholesterol was omitted. 
The values given are arithmetic means together with standard deviations. 


levels also raised liver lipid values. The addition cholic acid these 
regima produced still greater elevation tissue cholesterol and lipid con- 
centrations, and the extent the effect appears function the con- 
centration cholesterol present the diet. Since marked elevation 
liver cholesterol and lipid concentrations could produced with the 
cholesterol diet without cholic acid, was decided employ this regimen 
(Table succeeding experiments. 


Relative effects Diac when injected fed 


the initial screening experiments, all the thyroxine derivatives 
tested were injected intraperitoneally concentration 0.5 micromoles 
per 100 gm. body weight per day (1, 2). experiment was performed 
next determine the relative activity oral Diac the prevention 
elevated liver cholesterol and lipid concentrations. Four groups rats 
each were placed the regima shown Table The high fat-1% 
cholesterol diet (HFD-C) shown Table was employed. The Diac- 
injected group received daily intraperitoneal injections 500 micrograms 
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per 100 gm. body weight per day, and the Diae and thyroxine 
fed groups received these compounds level mg.% the diet. 
The Diac-fed animals averaged 440, 470 and 460 per 100 gm. body 
weight per day over the first, second and third weeks the experiment 
respectively. Therefore, the fed animals received approximately the 
same amount the injected group, although must remem- 
bered that the injected Diac was given single daily administration. 
Thus, turnover rapid, exposure was effected for only 
small portion each 24-hour period, whereas the fed material was 
essence administered over much longer interval. Tested under these 
conditions, orally administered was more effective than injected 
the prevention elevated liver cholesterol and lipid concentrations. 
Stasilli and (11) also found that more both 


TABLE 3. THE RELATIVE EFFECTS OF ORAL AND INJECTED DIAC 


Avg. 3-week Avg. plasma Avg. liver 


weight gain cholesterol cholesterol Avg. liver lipid 
HFD-C 103 +12 122+13 3940 +113 
HFD-C injected 101+ 1970 +265 13.1+2.0 


Diae was injected intraperitoneally concentration 1.0 micromole per 100 grams 
body weight per day. the feeding experiment, Diac was incorporated into the diet 
concentration mg.%. 

The values given are means together with standard deviations. 


calorigenic and goiter-prevention tests when administered orally the diet 
stomach tube than when given subcutaneously. Therefore, was 
decided feed rather than inject Diae and other thyroxine-like deriva- 
tives subsequent studies. 


4 


concentration Diac required for the prevention high liver cho- 
lesterol and lipid concentrations 


the next two experiments, various concentrations Diac were fed 
several groups weanling male rats (Table 4). Oxygen consumption 
rates were determined animals receiving the higher levels Diac, and 
all animals were sacrificed for tissue analysis the end three weeks. 
Individual food consumption rates were not measured, but was observed 
that all groups animals the semipurified diets had disposed approx- 
imately the same amount food during the experimental period. There- 
fore, the data presented Table indicate that the mg.% level Diac 
effectively prevented the elevation liver cholesterol and lipid concentra- 
tions. Moreover, Diac levels above mg.% produced greater effect 
cholesterol concentrations, and they impaired growth and oxygen con- 
sumption rates. The effectiveness was sharply reduced levels 
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TABLE 4. DETERMINATION OF THE OPTIMAL CONCENTRATION OF DIAC REQUIRED IN THE DIET 
FOR THE PREVENTION OF ELEVATED LIVER CHOLESTEROL AND LIPID CONCENTRATIONS 


Average Average Average 

weight Average plasma liver 

Regimen per weeks liters cholesterol cholesterol 

Purina chow 118+11* 74+ 384+ 
HFD-C 108+ 108+10 16.2+1.0 
HFD-C+0.4 mg.% Diac 115+ 15.8+0.9 

Purina chow 126+11 6.2+0.6 82+ 244+ 10.6+1.1 
HFD-C 117+16 6.5+1.0 22414185 
HFD-C+ Diac 103 +11 124+12 501+ 
HFD-C+100 mg.% Diac 57+ 359+ 9.6+1.0 


The values given are arithmetic means together with standard deviations. 


below mg.%. Therefore, concentration mg.% the diet was 
considered optimal. 


Diac reversal high liver concentrations cholesterol and lipid 


for our initial experiments (1, which were conducted under 
different experimental conditions, all the experiments described have 
been concerned with the prevention elevated liver cholesterol and lipid 
concentrations cholesterol fed animals. the next two experiments 
(Table 5), the reversal previously elevated cholesterol and lipid con- 
centrations was attempted through Diac administration. the first experi- 
ment, weanling male rats were started the high fat diet plus 
cholesterol (HFD-C). the end three weeks, animals were sacrificed 
and the same biological parameters were measured previous experi- 
ments. With the successful induction high liver cholesterol and lipid 
concentrations these animals (Table Group 1), the remaining 


TaBLE 5. REVERSAL OF ELEVATED LIVER CHOLESTEROL AND LIPID CONCENTRATIONS 


Number weeks Avg. plasma Avg. liver Avg. liver 
cholesterol cholesterol lipid 
Expt. 
90+ 2770 +275 18.3+1.0 
|HFD-C-CA HFD HFD-D 


| 
= 


The values given are arithmetic means together with standard deviations. 
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animals were subdivided into two equal groups. Group was continued 
the diet without (HFD-C) and Group received supplement 
mg.% Diac the diet (HFD-C-D). the end another three 
weeks, all animals were sacrificed, and the same tissue analyses were per- 
formed. The results, summarized Table indicate that marked re- 
duction tissue cholesterol and lipid concentrations was effected Diac 
administration even the presence continued cholesterol feeding. 
Liver cholesterol values were not reduced those observed animals 
receiving chow diet (Tables but plasma cholesterol and liver lipid 
values were reduced essentially the control diet range. 

the second experiment, weanling male rats were fed the high fat 
diet containing cholesterol and 0.5% cholie acid (HFD-C-DA) for 
period three weeks. This regimen produced marked increase the 
average tissue cholesterol and lipid concentrations animals sacrificed 
for tissue analysis (Table Group 4). The remaining animals were sub- 
divided into four groups eight rats each. Groups and were placed 
back the high fat diet without added cholesterol (HFD), and Groups 
and received the same regimen plus mg.% Diae (HFD-D). After 
one week, the liver cholesterol concentration the supplemented 
group (Group had dropped one-half and the liver lipid concentration 
was reduced level frequently observed control animals fed chow 
diet (Tables 2-4). The unsupplemented group (Group still had liver 
cholesterol and lipid values comparable those seen Group After 
three weeks these regima, the average liver cholesterol concentration 
the supplemented group (Group had returned chow diet 
control levels, whereas the unsupplemented group (Group still had very 
high cholesterol and lipid values. demonstrable difference the plasma 
cholesterol was evident between the Diac supplemented and unsupple- 
mented groups after three weeks. 


Effect long-term feeding Diac rats 


was observed that the feeding levels 25-100 mg.% 
the diet produced decreased growth rate and elevated oxygen con- 
sumption rate animals receiving these regima (Table 4). Therefore, 
became important determine the relative degree Diac toxicity when 
fed the optimal concentration mg.% for extended period time. 
Accordingly, three groups twenty rats each were started the follow- 
ing: Purina chow diet, the standard high fat diet plus cholesterol 
(HFD-C) and the same purified diet plus mg.% Diac. the end 
approximately weeks, two rats receiving the Diac supplemented ration 
died. During the course the next three weeks, total five more rats 
succumbed this diet and two animals the HFD-C group also died. 
All animals apparently died result severe hemorrhage the lower 
peritoneal cavity. formulating the synthetic diet used these studies, 
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vitamin had been omitted since was believed that the intestinal flora 
the rat synthesizes and makes available sufficient amounts Vitamin 
satisfy the rat’s own requirements. 

However, view these observations, three from each the 
experimental groups were sacrificed, and blood specimens were obtained 
and assayed for prothrombin content according the procedure Quick 
(12). Prothrombin times averaged 15.0, 17.3 and 24.5 seconds for the chow, 
HFD-C and HFD-C+5 mg.% Diac groups, respectively. Vitamin 
the form menadione sodium bisulfite was then included both the 
purified diets level mg.%. After one week this supplement, 
prothrombin times for all groups averaged approximately seconds. 
Therefore, might concluded that vitamin deficiency was probably 
responsible for the hemorrhage and death occurring animals receiving 
the purified diets. 

Five animals each group were continued their respective regima 
except for the addition 0.5 mg.% menadione sodium bisulfite the 
two groups receiving the purified diets. the end five months, these 
animals were sacrificed and the usual parameters were measured. From 
the data summarized Table can seen that those animals receiv- 


TABLE EFFECT FEEDING MG.% DIAC THE HIGH FAT- 
CHOLESTEROL DIET FOR PERIOD MONTHS 


Average Average Average Average Average 
weight plasma liver liver aorta 
gain cholesterol lipid cholesterol 
Purina chow 400 +38* 201+ 112+19 
HFD-C 7033 +255 28.7+1.8 109 +16 


The values given are arithmetic means together with standard deviations. 


ing mg.% for five months showed significantly lower plasma and 
liver cholesterol and liver lipid concentrations =0.01 for plasma differ- 
ences and <0.001 for liver cholesterol and lipid differences). Diac effected 
more than six-fold reduction liver cholesterol values, and maintained 
the plasma cholesterol and liver lipid values levels fairly comparable 
those seen chow diet controls (Table 6). Aortic cholesterol concen- 
trations were the same for all groups, and the feeding cholesterol over 
this period time apparently did not result the deposition cholesterol 
the aorta. 


DISCUSSION 


known (13) that the amount cholesterol synthesized the body 
inversely related the amount ingested the diet, and that the feeding 
cholesterol virtually halts the endogenous synthesis cholesterol. 
Therefore the effects produced Diac the present set experiments 


—— 
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are largely concerned with alterations exogenous cholesterol metabolism. 
Nevertheless, apparent from the data that optimal concentration 
dietary will prevent the development abnormally high cho- 
lesterol and lipid concentrations the cholesterol fed rat. Diae fed ani- 
mals generally not have values equal those seen chow diet con- 
trols, but they are maintained very much lower level than those 
the cholesterol-fed animals (Tables and 6). the other hand, plasma 
cholesterol levels were not markedly reduced feeding. The ex- 
planation for this may that Diac does not suppress the amount 
dietary cholesterol absorbed (14), and consequently high 
lesterol concentrations merely reflect the absorption dietary cholesterol 
from the gastrointestinal tract and transport storage sites such the 
liver. 

appears very effective mobilizing liver deposits cho- 
lesterol and lipid, although final assessment this conjecture must await 
isotopic studies. the first mobilization experiment (Table 5), marked 
reductions both cholesterol and lipid concentrations were brought about 
administration, even the presence continued cholesterol 
feeding (Group 3). the second experiment, cholesterol feeding was dis- 
continued (Table 5), and reduced the liver concentrations cho- 
lesterol and lipid chow diet control values within three weeks (Group 
8). Control liver cholesterol and lipid concentrations observed animals 
receiving the unsupplemented high fat diet (HFD) remained elevated 
(Group 6). However, the changes liver cholesterol and lipid concentra- 
tions not describe the over-all effects the liver. Over three- 
week period, the livers the HFD control group (Group increased 
size average 2.72 gm. whereas the liver weights Diac-fed ani- 
mals (Group remained the same. Both groups animals gained the 
same amount body weight during the three-week period. Therefore, 
when the data are the basis changes total liver cho- 
lesterol and lipid, the control HFD group showed change whereas the 
Diae fed animals lost 360 mg. cholesterol and 670 mg. lipid. was ob- 
served another experiment (14) that approximately 10% the total 
liver cholesterol was free and the remainder was bound fatty acids. 
most the bound cholesterol was esterified mixture C-18 acids 
(15), 1.7 might used convert bound cholesterol values 
cholesterol-fatty acid values. the fatty acid bound cholesterol also 
leaves the liver result administration, then the net decrease 
total liver lipid (670 mg.) can accounted for essentially the de- 
crease free cholesterol (36 mg.) plus cholesterol-fatty acid ester (324 
mg. mg.). 

stated above, 2.72 gm. additional non-lipid substance was laid 
down the livers the control animals (Group during the three- 
week period. Since 0.67 gm. lipid left the livers the Diac-fed animals 
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(Group without change liver weight, this lipid also must have been 
replaced 0.67 gm. another substance. The nature both these 
substances unknown present, but would appear that Diac acts 
prevent increase liver size well mobilize deposits liver lipid. 

The concept keeping the tissue stores cholesterol and possibly other 
lipids reduced mobilized through use compound such might 
represent sound physiological approach towards the control athero- 
sclerosis. One objection the use substances designed block endog- 
enous cholesterol synthesis that such compounds might block other 
vital metabolic processes result the accumulation intermediary 
substances having highly undesirable properties. the other hand, 
suitable inhibitor cholesterol synthesis might employed combina- 
tion with cholesterol mobilizer such Diac. course this conjecture 
presupposes that Diac will mobilize aortic cholesterol and lipid deposits 
well does those the liver. This possibility could not tested 
the present set experiments because the aortic cholesterol levels were 
not elevated under the experimental conditions employed (Table 6). 

was encouraging find that injurious effects other than the pre- 
cipitation vitamin deficiency could detected animals fed 
mg.% over 5-month period. The acute hemorrhage and resuiting 
death observed animals receiving the high fat diet containing cho- 
lesterol and were overcome menadione bisulfite administration. 
Mackenzie, al. (16) have recently described vitamin deficiency 
rats fed semipurified diet containing lard source fat. Prothrombin 
times were markedly elevated these animals, and approximately one- 
third the animals died severe hemorrhage within ten weeks. Both 
the elevation prothrombin times and the hemorrhage could pre- 
vented the addition vitamin the diet. Barnes, al. (17) and 
Mameesh, al. (18, 19) have also described the production vitamin 
deficiency rats fed semi-purified diet. Both groups investigators 
concluded that coprophagy appears the means which vitamin 
synthesized the intestinal microflora made available the rat. When 
high fat diet was fed, the feces were odoriferous and the degree 
coprophagy was greatly reduced. Consequently, vitamin deficiency 
resulted. The precipitation vitamin deficiency the present set 
experiments can probably explained much the same way, although 
may also have contributed the effect. Possibly might have 
accentuated the vitamin deficiency increasing the rate vitamin 
turnover absolute requirements for vitamin 
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CEREBRAL CORTICAL INHIBITION PITUITARY- 
ADRENAL 


RICHARD EGDAHL? 
Department Surgery, Medical College Virginia, Richmond, Virginia 


ABSTRACT 


Dogs with chronic adrenal vein cannulas were bilaterally decorticated and 
17-hydroxycorticosteroid outputs were determined the post-operative period. 
corticosteroid outputs decorticate dogs were markedly elevated 
compared normal, with return baseline levels following Nembutal anes- 
thesia. Sciatic nerve stimulation the anesthetized decorticated animal 
resulted significant adrenal cortical response which was not further in- 
creased exogenous ACTH. These studies indicate that the cerebral cortex 
exerts tonic inhibition lower central nervous system areas which are in- 
volved the control ACTH release. 


OGS with removal all brain tissue down the pons, except for 
the isolated pituitary, characteristically demonstrate elevated adre- 
nal venous outputs 17-hydroxycorticosteroids compared normal ani- 


mals (1). Steroid outputs remain elevated during the 4-day survival 


period the animals with brain removal. These findings could due 
the removal inhibition areas which control ACTH release the 


METHOD 


Adult male mongrel dogs ranging weight from kg. were used these 
experiments. Adrenal vein cannulations were carried out according the technique 
Hume and Nelson (2). were measured the method Nel- 
son and Samuels (3). Catechol amines were determined the method Weil- Malherbe 
and Bone, modified Aranow (4). 

Bilateral decortications dogs bearing adrenal vein cannulas were carried out 
performing craniotomy and removing the cerebral cortices bilaterally with standard 
neurosurgical techniques. All cortical tissue was removed down the hippocampus, 
with special attention directed towards ablation fragments the temporal lobes. 
Hemostasis was obtained with silver clips, and small gelfoam pledgets were used con- 
trol residual oozing areas. the early stages experiments with decorticate animals, 
the procedure was performed two stages. However, has recently been found that 
single stage bilateral decortication can performed with low mortality and good long 
range survival, and this the preferred method present. 

Sterile techniques were used all operations. Electrodes with insulated lead-off 
wires were implanted the sciatic nerve for study electrical stimulation these 
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animals. standard protocol consisted adrenal vein cannulation the Ist day. 
Craniotomy without removal brain tissue was also carried out the time adrenal 
vein cannulation animals. The next morning representative adrenal 
venous samples were obtained and the dog was then anesthetized and decorticated. The 
day following decortication, control blood samples were taken, following which the 
animal was again anesthetized with Nembutal. After another series blood samples had 
been obtained, electrical stimulation the sciatic nerve was carried out, followed ad- 
ministration units ACTH intravenously. two experiments adrenal vein can- 
nulation was carried out one week following bilateral decortication, with blood sample 
collections and nerve stimulation the day following cannulation. 


RESULTS 


statistical summary the results these experiments given 
Table The values for ACTH response were obtained averaging two 
adrenal venous corticosteroid output determinations, one made and 
one minutes following exogenous ACTH administration. 


TABLE STATISTICAL SUMMARY EXPERIMENTS DOGS WITH ADRENAL VEIN CANNULAS 
AND BILATERAL DECORTICATION. DECORTICATION WAS CARRIED OUT FOLLOWING 
ACTH THE DAY AFTER CANNULATION (COLUMN #3) 


Day Day after Day after decortication 
cannu- Nerve 
lation Unanes- Unanes- 
thetized ACTH thetized butal lation ACTH 
response thesia thesia) sponse 
Standard Error Mean 0.2 2.3 0.8 0.8 


Micrograms/minute, adrenal venous 17-hydroxycorticosteroids. 


levels represent averages five samples obtained 5-minute intervals 
the control period. Values following Nembutal anesthesia were derived 
taking averages five samples obtained 5-minute intervals following 
the intravenous administration mg./kg. Nembutal. Three output 
determinations made 10, and minutes after the start continuous 
nerve stimulation were averaged give figure for the post-stimulation 
adrenal venous corticosteroid response. 

There was significant corticosteroid output difference >0.1) 
between unanesthetized normal animals and anesthetized ‘‘rest- 
decorticate ones, although both these groups revealed significantly 
lower outputs than all other groups <.001). Outputs the unanesthe- 
tized decorticate dogs were significantly lower than those after 
ACTH the days following cannulation decortication <.01, >.001). 
However, unanesthetized decorticate outputs were not different 
from those following ACTH the day cannulation following nerve 
stimulation This indicates that the unstimu- 
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lated secretion the decorticate dog not significantly different from the 
output following nerve stimulation ACTH administration the day 
cannulation. Following Nembutal anesthesia, however, the output 
corticosteroids falls markedly and not significantly different from basal 
outputs the day following adrenal vein cannulation animals without 
lesions the central nervous system. The addition craniotomy the 
procedure adrenal vein cannulation did not result elevated cortico- 
steroid outputs the day following cannulation. 

representative experiment illustrated Figure can seen 
that exogenous ACTH administration the day adrenal vein cannula- 


14 
UNITS 
12 ACTH IV 
NEMBUTAL 
ADRENAL ANESTHESIA 
VENOUS CANNULATION 
min.) 
UNITS 
ACTH 
4 ond 


DECORTICATION 


UNITS 
ACTH 


60 60 1g80 300 60 120 180 240 300 360 420 
TIME (minutes) 


Adrenal cortical function decorticate dog (B-143). Note elevated 17-OHCS 
output, with immediate fall basal levels following Nembutal administration. 


tion does not further increase corticosteroid output from that observed 
following the operation. The day following adrenal vein cannulation basal 
corticosteroid outputs are observed. rise high levels follows exog- 
enous ACTH administration. the day following decortication variable 
but consistently elevated outputs 17-hydroxycorticosteroids are ob- 
served, with abrupt decline basal levels following Nembutal anes- 
thesia. The response exogenous ACTH remained unimpaired. 

Figure are plotted the data from decortication experiment 
which nerve stimulation was carried out. Basal corticosteroid ouputs are 
recorded the day following adrenal vein cannulation. The day after 
decortication variably high corticosteroid outputs which fell low values 
following Nembutal anesthesia were observed. Nerve stimulation results 
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‘ NERVE 
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TIME minutes 


Same Figure with addition nerve stimulation (Dog B-181). Normal 
response occurs, not further exogenous ACTH. 


corticosteroid response which not further increased exogenous 
ACTH administration. 

Figure shows experiment which bilateral decortication was per- 
formed one week prior adrenal vein cannulation. Variably high cortico- 
steroid outputs were observed the day following cannulation, with im- 
mediate return basal levels following anesthetization. Nerve stimula- 
tion resulted somewhat delayed but significant adrenal cortical re- 
sponse which was not further altered exogenous ACTH. Another dog 
with chronic decortication yielded similar protocol. 


(CHRONIC DECORTICATION 


UNITS 
ACTH 


ADRENAL 
VENOUS 
BLOOD 


Nerve 


Stimulation 
Nembutal 


Anesthesia 
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decorticate dog (B-211) with same results animal Figure 
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Most animals remained quiet prior anesthesia, although some dogs 
demonstrated considerable motor activity and occasional low pitched 
barking. Adrenal venous catechol amine outputs were basal the 
state both normal and decorticate dogs, and normal stimulatory 
response was obtained following nerve stimulation. some experiments 
samples were collected dark room the day following decortication and 
this did not affect the results. Gross and microscopic examination the 
brains revealed complete removal the cerebral cortices, except for frag- 
ments the temporal lobe few instances. Peripheral 17-hydroxy- 
corticosteroid levels were elevated the day following decortication. 


DISCUSSION 


Indirect experimental evidence available which suggests that the 
cerebral cortex inhibits ACTH release. The elevated blood corticosteroid 
levels observed following hypnosis (5) situations productive anxiety 
(6) could result alteration inhibition impulses from the cere- 
bral cortex which tonically inhibit ACTH release. equally possible 
that the cerebral cortex exerts direct stimulatory effect ACTH- 
releasing centers. Martin and co-workers (7) observed high adrenal venous 
corticosteroid outputs dogs with previous bilateral removal the 
amygdaloid nuclei. This was interpreted meaning that the amygdala 
exerts inhibiting influence ACTH secretion. difficult recon- 
cile these findings with those Mason al. (8) who report diminished 
peripheral blood 17-hydroxycorticosteroid response conditioned emo- 
tional stimuli monkeys following amygdalectomy. 

Perhaps the most direct evidence that higher central nervous system 
areas inhibit ACTH release comes from the experiments Slusher and 
Critchlow (9) who have shown that lesions certain areas the mid- 
brain result increased adrenal cortical function determined adre- 
nal ascorbic acid depletion. The previous studies are subject several 
different interpretations because they have either involved the use in- 
direct methods for determining adrenal cortical function blood samples 
were taken during the immediate post-operative period. 

Previous experiments from our laboratory have demonstraged that dogs 
with brains removed down the pons and neurologically isolated pitui- 
taries have high basal outputs corticosteroids. significant number 
these animals respond nerve stimulation (1) and vena caval constric- 
tion (10) with further increase corticosteroid output. These experi- 
ments have been interpreted indicating the presence another center, 
perhaps located the hindbrain, which involved the control 
ACTH release; other areas less likely envolved, such the intestine, 
have not been ruled out. The postulated hindbrain center releases 
neurohumor (hindbrain factor=HBF) which passes through the blood 
stream and causes ACTH release from the pituitary. The findings the 


| “a 
| 
' 


April, 1961 CEREBRAL INHIBITION ACTH RELEASE 579 


present studies permit further speculation concerning the pathways in- 
volved ACTH release. 

Figure outlines concept for ACTH release mechanisms based our 
present experimental evidence. Many possible alternative explanations 
have been considered, but not appear fit well the presently avail- 
able facts. According the scheme Figure both the hypothalamus 
and hindbrain are capable releasing neurohumors which pass through 
the systemic blood stream and cause ACTH release. The reticular forma- 
tion constantly bombarding the hypothalamus with stimulatory im- 
pulses for release its neurohumor. The hindbrain either stimulated 


Excitatory Nervous Pathway 
Inhibitory Nervous Pathway 

Excitatory Vascular Pathway 

PERIPHERAL NERVE STIMULATION 
Excitatory Nervous Pathway ACTH 

Excitatory Vascular Pathway Release 


representation hypothesis for inter-relationships 
areas concerned with ACTH release. 


tonic afferent impulses which ascend the spinal cord has high 
degree spontaneous activity. The cerebral cortex thought exert- 
ing inhibitory influence, either the reticular formation path- 
ways from the reticular formation the hypothalamus. The hindbrain 
does not release HBF the intact unstimulated animal because inhi- 
bition portion the diencephalon mesencephalon. 

The intact animal has outputs corticosteroids because inhi- 
bition and hindbrain stimulation effectively carried 
out the cerebral cortex and diencephalon-mesencephalon respectively. 
The intact animal reveals normal response peripheral nerve stimula- 
tion probably based the passage afferent nervous impulses the 
spinal cord, through the hindbrain, the hypothalamus. 
relationships between hindbrain and ACTH-controlling 
centers have yet not been elucidated. There are several possibilities 
this regard, including the potentiation hypothalamic corticotropin re- 
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leasing factor (CRF) with HBF, potentiation HBF hypothalamic 
neurohumor, release CRF HBF, and relationship between the 
two neurohumors. obvious, however, that inhibitory mechanisms are 
eliminated overwhelmed strong afferent stimulation. 

Following decortication, the animals have elevated corticosteroid out- 
puts. This not due surgical trauma general, shown the 
presence corticosteroid outputs the day following adrenal 
vein cannulation and craniotomy without brain removal. The reticular 
formation uninhibited, and the hypothalamus state constant 
activity with regard release CRF. The hindbrain center remains 
inhibited. Following Nembutal anesthesia, levels are observed 
the decorticate animal. French and co-workers (11) have demonstrated 
that the principal locus action Nembutal the reticular formation, 
and there experimental evidence for decreased electrical potentials from 
this area following Nembutalization. The decorticate dog remains normally 
responsive afferent nerve stimulation following anesthesia because the 
ACTH-releasing centers are intact. Corticosteroid outputs following nerve 
stimulation are the same normal and decorticate anesthetized animals. 

Dogs with brain removal down the pons and isolated pituitaries 
demonstrate elevated corticosteroid outputs because removal dien- 
cephalic mesencephalic areas which inhibit the hindbrain. Either be- 
tonic afferent impulses, high rate spontaneous activity, 
the hindbrain releases HBF and ACTH release takes place. Recent studies 
have demonstrated that Nembutal anesthesia does not lead depression 
the elevated corticosteroid outputs which dogs with isolated 
pituitaries. Anesthetic doses Nembutal have little peripheral 
nerve fiber conduction and less effect most hindbrain areas than the 
reticular formation. Accordingly, HBF continues released following 
Nembutalization. 

There are objections most alternative explanations. possible that 
the cerebral cortex exerts its inhibition through direct nervous pathways 
the hypothalamus. According this concept, the elevated levels 
corticosteroids decorticate dogs would due high spontaneous 
rate activity the hypothalamus. Nembutalization, however, results 
depression these elevated levels and this would imply direct action 
Nembutal the hypothalamus. Although there experimental evi- 
dence for hypothalamic depression following anesthesia (12), this effect 
less marked than that the reticular formation, and the Nembutalized 
hypothalamus might not expected give normal maximal response 
nerve stimulation. possible that the elevated corticosteroid outputs 
following decortication can explained some other basis than removal 
inhibition. Short term metabolic studies these animais have revealed 
normal electrolytes the days experimentation, good urine output, 
and relatively normal blood pressures and pulses. The finding increased 
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peripheral blood levels corticosteroids rules out the possibility hypo- 
thalamic stimulation due low blood steroid levels. possible that 
the decorticate dog hypersensitive exogenous stimuli and attempts 
were made these experiments keep such factors minimum. The 
experimental results were unaltered environmental condition changes, 
variations motor activity the animals themselves. difficult 
explain the elevated corticosteroid outputs the decorticate animals 
any basis other than removal inhibition lower centers concerned with 
ACTH release. Experiments involving partial decortication are currently 
being carried out order anatomically localize areas responsible for 
inhibition. 

There are several possible interpretations for the results following 
Nembutal anesthesia. Nembutal may act primarily other areas the 
brain than the reticular formation, although the evidence convincing 
that the reticular formation depressed following Nembutal anesthesia 
degree which exceeds that the rest the central nervous system 
(11). possible that Nembutal acts directly the pituitary, but normal 
response nerve stimulation makes this possibility unlikely. Nembutal 
may act directly the adrenal cortex and this has not been ruled out 
the data this report. possible that the amount endogenous ACTH 
which results elevated adrenal cortical response decorti- 
cate dogs much smaller than that amount which released following 
nerve stimulation. According this concept, the adrenal following Nem- 
butal loses sensitivity the small quantity ACTH which previously 
has been endogenously released. Therefore, although the adrenal de- 
pressed, significant response the additional endogenous ACTH re- 
leased response nerve trauma occurs. Failure observe 
thesia depression elevated corticosteroid levels dogs with 
brain removal evidence against significant direct action Nembutal 
the adrenal. 
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EFFECT GRADED DOSES PROPYLTHIOURACIL 
BIOSYNTHESIS THYROID 


SHIRO TAKASHI YAMADA? MONTE GREER 
Division Endocrinology, Department Medicine, University 
Oregon Medical School, Portland, Oregon 


ABSTRACT 


Graded doses PTU mg.) were administered 
once daily rats for three days. was given immediately following the last 
dose PTU; twenty-four hours later the thyroids were removed. Relative 
amounts DIT and decreased with increasing doses PTU. 
DIT nor were found with doses greater than 0.1 mg. The relative 
amount MIT increased with the amount PTU, attained its maximum 
dose mg., then declined. Even with 180 mg. MIT formation was 
not blocked completely. The absolute amount radioiodide declined sharply 
with doses greater than 0.01 mg. Formation DIT from MIT thus inhibited 
very small doses PTU, whereas organic binding iodide into MIT not 
completely blocked even with very large doses. Coupling form iodinated 
thyronines depressed smaller amounts PTU than the other biosynthetic 
mechanisms studied. 


ECENTLY has been established that propylthiouracil (PTU) in- 
hibits not only the initial monoiodination tyrosine but also both 
the diiodination tyrosyl radicles and coupling form triiodothyronine 
and thyroxine (1, 2). However, the effect large doses PTU the 
biosynthesis thyroid hormones has not been studied detail. There- 
fore, considered interest investigate this problem the rat. 


MATERIALS AND METHODS 


Male Holtzman rats weighing approximately 250 gm. were employed experiments 
performed three different times. Following seven days low iodine diet, graded doses 
(0.001, 0.01, 0.1, 1.0, 30, 60, and 180 mg.) PTU were administered subcutane- 
ously once daily for three days. Three four animals were used each dose level. 
Twenty 100 were given intraperitoneally immediately following the last 
dose PTU. Twenty-four hours later, the animals were killed and the radioactivity 
the thyroid glands was determined with well-type scintillation counter. The thyroids, 
pooled some instances, were homogenized and hydrolyzed with three ml. 0.5% 
pancreatin (Viokase 4x) solution 8.6 39° for hours. Several drops 
toluene were added prevent putrefaction. Portions the digests containing 0.025 
were subjected ascending paper chromatography acid-water 
for hours. The radioactivity each chromatogram was analyzed with continuous 
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automatic strip counter and the areas under the curves were measured planimeter. 
Each compound was identified comparing its value with that standard. Since 
the triiodothyronine (T3) fraction runs very close the thyroxine (T4) fraction this 
solvent system, quite difficult distinguish from T4. Both fractions were there- 
fore calculated one and shown this experiment. 


RESULTS 
Effect graded doses PTU thyroidal uptake 


The uptake decreased strikingly dose level 0.1 mg. and was 
depressed below when mg. more was employed (Fig. 1). 


10r 
<= 
~ 

CONTROL 0.001 0.01 0.1 1.0 5 30 6090 180 


DOSE PTU (mg) 


Effect graded doses PTU thyroidal uptake. Log-log plot. 
point represents mean animals. 


Relationship between graded doses PTU and the relative amounts radio- 
iodinated amino acids and inorganic the thyroid 


The relative amount decreased approximately half the 
control value dose 0.001 mg., then gradually declined further with 
increasing amounts PTU (Fig. 2). Diiodotyrosine (DIT) was within 
above the control range dose levels 0.01 mg., then decreased. 
DIT when mg. more PTU was given. Mono- 
iodotyrosine (MIT) increased with increasing amounts PTU, attained 
its maximum mg., then declined. Even with mg. PTU, MIT still 
accounted for more than 10% the total radioactivity. MIT was 
found one the animals treated with 180 mg. PTU and the average 
MIT content this group was less than total thyroidal radio- 
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Relative amounts radioiodinated amino acids the thyroid after admin- 
istration graded doses PTU. Semi-log plot. Each point represents mean 
animals. 


activity. The relative amount inorganic iodide increased with the dose 
PTU, approaching 180 mg. Representative chromatograms 
this experiment are illustrated Fig. and 


Relationship between graded doses PTU and the absolute amounts radio- 
iodinated amino acids and inorganic the thyroid 


the administered, decreased approximately half the control value 
when 0.001 mg. PTU was given, then declined sharply with amounts 
greater than 0.01 mg. (Fig. 5). The amount DIT when less than 0.1 
mg. was administered was within the control range, then declined rapidly 
with further increments PTU. The amount MIT increased initially 
with the dose PTU, attained maximum twice the control value 
dose 0.01 mg., then decreased. The amount inorganic iodide de- 
clined strikingly with doses greater than 0.01 mg. and apparently reached 
plateau level 1/50 that the iodide concentration the controls 
(3% compared 0.06%). 


Effect graded doses PTU the ratio 


The DIT/MIT ratio decreased the amount PTU increased, reach- 
ing dose 1.0 mg., which point DIT disappeared. 
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Legend Fig. The one out three animals receiving 180 mg. PTU 
which monoiodotyrosine was found depicted. 
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DISCUSSION 

The results indicate that the formation DIT from MIT inhibited 
very small doses PTU, whereas binding iodide into MIT 
not completely blocked even with relatively large doses. This finding 
confirms the studies Slingerland al. (1) and Richards and Ingbar 
(2). should noted that, even with 180 mg. PTU, MIT formation 
blocked completely. The fact that was decreased 
half with 0.001 mg. PTU, whereas DIT was still the control level, 
indicates that PTU more readily inhibited the coupling iodinated 
tyrosines form iodothyronines than other processes, suggested 

and Ingbar (2). However, also probable that formation 
DIT from MIT was partially blocked this level because the DIT, MIT 
ratio decreased. Accordingly, the processes order decreasing sensi- 
tivity PTU are DIT formation and MIT formation. 

Antithyroid drugs the thioureylene group supposedly inhibit the 
formation iodine compounds while inorganic iodide still 
enter the thyroid and accumulate there normal even increased 
amounts (3, our study, the amount inorganic iodide 
the thyroid gland decreased strikingly with increasing doses 
possible that part the iodinated organic compounds may have been 
deiodinated vivo (5) the pancreatin hydrolysis vitro and thus 
have contributed the higher iodide values found with small doses 
PTU. According VanderLaan and Bissell (6) and Taurog al. (10), the 
thyroid gland the rat under the influence PTU readily takes in- 
jected iodide, but able retain this iodide for only short time. Since 
our determinations were made hours after radioiodine injection, seems 
likely that large part the inorganic iodide accumulated the thyroid 
gland had already been lost this time. Brown (8) has shown that PTU 
increases the renal clearance iodide the rat. probable that such 
mechanism explains our findings, the exchangeable iodide held the 
thyroid gland thereby being more rapidly depleted. 

Further studies the effect PTU and discharge 
the thyroid gland (7) have shown that the iodide accumulated under 
the influence PTU was quickly lost, whereas the control group the 
reverse was true, iodide content actually increasing with time. 

The possibility that low intrathyroidal concentration iodine might 
contribute the shifts the proportions iodinated compounds the 
gland has been studied Slingerland al. (1) and Richards and Ingbar 
(2). These authors used thiocyanate and perchlorate, respectively, and 
found that they did not produce the same modifications PTU. 

far are aware, formation monoiodotyrosine has not been 
reported previously when large doses propylthiouracil are employed. 
Pitt-Rivers al. (9) found that the subsequent administration perchlor- 
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ate rats treated with mg. PTU and given 0.1% thiouracil the 
drinking water would result some MIT formation. MIT was formed 
perchlorate was not given, however. One possible explanation for the 
discrepancy results that their animals were killed two hours after 
radioiodine administration whereas ours were killed hours. This 
explanation seems inadequate, however, since other studies our labora- 
tory (7) have shown that one hour after the administration mg. 
PTU and using the three-day technique described herein, the 
intrathyroidal radioactivity present MIT while three hours this 
has risen 20%. Pitt-Rivers has recently found that perchlorate will not 
increase rats (11), contrast her earlier results. 
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THE LIPOLYTIC RESPONSE 


Pratt Clinic-New England Center Hospital, and the Department Medicine, 
Tufts University School Medicine, Boston, Massachusetts 


ABSTRACT 


Exposure isolated rat adipose tissue small concentrations cortico- 


tropin (.001 caused accumulation free fatty acid tissue and 
medium, finding previously reported others. The effect corticotropin 
was inhibited glucose and insulin, presumably due promotion esterifica- 


tion the free acids. Corticotropin was also found active vivo; intrave- 
nous administration this hormone acutely adrenalectomized rats produced 
rapid increase free fatty acids adipose tissue and plasma. The lipolytic ac- 
tivity homogenates rat adipose tissue was increased brief exposure 
the intact tissue corticotropin and epinephrine. The activity affected 
ACTH differed from that lipoprotein lipase optimum. These results 
suggest that corticotropin may produce its adipokinetic effect directly acti- 
vating lipase adipose tissue. 


POSSIBLE role corticotropin the regulation fat mobilization 
was suggested the studies Rosenberg (1) which showed that 
corticotropin increased liver fat the mouse extraadrenal action, 
and more recently, the findings White and Engel (2) that the hormone 
stimulated the production free fatty acids isolated rat adipose tissue. 
The effects corticotropin free fatty acids were studied further 
detail the study reported here; the increased fatty acid production 
either corticotropin epinephrine was shown associated 
with increased lipolytic enzyme activity the adipose tissue. 


METHODS 


Male albino rats weighing 150 200 gm. and obtained from Charles River Labora- 
tories, Boston, were used throughout the study. The hormone preparations used were 
pig corticotropin prepared the purification method (3), human growth hor- 
mone prepared the acetic acid extraction procedure (4) and commercial preparations 
epinephrine (Parke, Davis) and erystalline insulin (Lilly). The human albumin used 
the vitro experiments was pretreated remove bound fatty acid (5). The measure- 
ment free fatty acids was made the method Dole (6). 
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Volume 


experiments with surviving adipose tissue, pieces rat epididymal fat were incu- 
bated ml. Krebs-Ringer phosphate buffer containing human albumin (pH 
7.4). Incubation was carried out for hours (unless otherwise indicated) 37° air, 
Dubnoff shaker, and the free fatty acid content tissue and medium estimated 
the end incubation. The results were expressed free fatty acid per gram 
tissue per unit time incubation. The samples tissue for the control and experi 
mental flasks were always obtained from the same animal. 

experiments which the activity lipolytic enzyme was measured the fat tis- 
sue was homogenized phosphate buffer and aliquot containing the equivalent 
about mg. the original tissue was added the substrate mixture. The latter was 
coconut oil emulsion (Ediol-Schenlabs) concentration 0.5% diluted phosphate 
buffer containing human albumin. experiments which the effect variation 
activity was studied, Tris buffer was added the substrate mixture 
final concentration 0.1 The homogenate-substrate mixture volume ml. 
was incubated 37° under air for minutes. Lipolysis was determined change 
the free fatty acid content the mixture during incubation and expressed 
free fatty acid produced per gram tissue per minutes. activity was as- 


sayed several hydrogen ion concentrations and change during incubation rarely 
exceeded 0.2 units. 


RESULTS 
Sensitivity surviving rat adipose tissue corticotropin 


The effect corticotropin the quantity free fatty acid found after 
incubation surviving adipose tissue from fed and fasted animals shown 
Figure agreement with the data Engel and White (7) minute 
concentrations corticotropin produced distinct effect; tissue from 
fasted animals responded .001 and fed tissue .003 the 
smallest amount tested this instance. Fasted tissue produced more free 


Fosted 


FFA (Avr of 3 Avr of 3 


Corticotropin 0 oo! 003 ol ° 


Fic. Stimulation Free Fatty Acid Production Corticotropin Vitro. The 
tissues were incubated for three hours and the results expressed free fatty 
acid per gram tissue per three hours incubation. 
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fatty acid than did fed response the same concentrations cortico- 
tropin. esterification fatty acids has been shown enhanced 
augmentation carbohydrate metabolism adipose tissue (8, 9), 
tion the rate esterification the free acid the fasted tissues may 
have been responsible for the greater response when this tissue was used. 
With either fed fasted tissue progressively larger doses corticotropin 
produced progressively larger effects; maximum response was usually 
observed with concentrations the range 1.0 10.0 

Figure shows the effect three pituitary preparations containing 
corticotropin the free fatty acid response isolated fat tissue. the 


OXYCEL - PURIFIED 
CORTICOTROPIN 


CRUDE 
CORTICOTROPIN 


peg/g./Hr. 


POWDERED 
ANTERIOR LOBE 


1.0 10. 100 

Effect Anterior Pituitary Powder, Crude and Purified Corticotropin 
Free Fatty Acid Response Vitro. The anterior pituitary powder (acetone-dried pig 
anterior lobe) was tested suspension the medium, the ACTH was prepared 
from glacial acid extract pig anterior lobe and the purified corticotropin was 
concentrated from the crude adsorption oxycellulose. The tissues were incubated 
for three hours and the results expressed free fatty acid per gram tissue 
per hour 


corticotropin concentration the preparations was increased purifica- 
tion smaller doses were necessary produce equivalent responses. Al- 
though purification with oxycel increased potency only ten-fold, prob- 
able that most the activity the anterior pituitary powder was due 
its corticotropin content. 


The effect glucose and insulin the response surviving adipose 
corticotropin 


The inhibition carbohydrate the response free fatty acids 


fasting has been observed both the intact animal and vitro (6, 10, 11). 
Table shows the inhibitory action glucose and insulin added vitro 
the response adipose tissue corticotropin. With concentration 
200 mg.% glucose the medium, insulin produced distinct 
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TABLE THE EFFECT GLUCOSE AND INSULIN THE FREE FATTY 
ACID RESPONSE CORTICOTROPIN vitro* 


Insulin 
Rat No. ACTH 100 
16.8 9.1 10.0 
9.5 6.6 4.6 
14.3 13.3 11.6 5.4 
16.0 14.8 12.0 6.6 


The tissue was incubated for three hours and the results are expressed free 
fatty acid per gram tissue per hour incubation. 


Fat from fed animals was used all experiments and 200 glucose was present all 
flasks. 


inhibition the fatty acid response either corticotro- 
pin. The response wv. insulin was less, especially when larger concen- 
trations corticotropin were used. This effect glucose and insulin 


most likely due stimulation esterification free fatty acids this 
tissue. 


The effect corticotropin free fatty acids vivo 

vivo studies man and dogs have failed show clear effect 
corticotropin the free fatty acids plasma (12). rat adipose tissue 
extremely sensitive corticotropin added vitro, its effect the free 
fatty acids the intact rat was studied. these experiments 0.1 1.0 
mg. corticotropin was given intravenously acutely adrenalectomized 
rats, while control group was given saline. Samples adipose tissue and 
aortic blood were taken, the average minutes after the injection, 
for measurement free fatty acids. The fat tissue was incubated buffer- 
albumin for three hours after which the fatty acid content tissue and 
medium was measured. The results this study shown Table indicate 
that the administration corticotropin resulted significant increase 
the free fatty acids adipose tissue and plasma. Although these results 
indicate that the vitro effect corticotropin can reproduced vivo, 


FFA AFTER INTRAVENOUS CORTICOTROPIN ADRENALECTOMIZED RATS 


Incubated 
Corticotropin, Time after adipose tissue Plasma FFA, 
No. rats corticotropin FFA 
minutes hrs. 
(13 70) 


animals used. 
Statistical tissue FFA-control vs. corticotropin 
plasma vs. corticotropin <.01. 
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they not establish the physiological significance corticotropin 
adipokinetic agent since very large amounts hormone were used evoke 
this effect. 


The effect corticotropin lipolytic enzyme adipose tissue 


One mechanism which corticotropin could increase the production 
free fatty acids adipose tissue would activation lipase this 
tissue. explore this possibility paired pieces rat epididymal fat from 
fed rats and from rats fasted for hours were incubated with and without 
studies had indicated that exposure fat tissue this dose 
corticotropin over this brief interval was sufficient produce free fatty 
acid response. smaller number experiments with similar concentra- 
tions epinephrine and human growth hormone were performed using fat 
from fed animals. Following incubation the tissues were homogenized and 
the lipolytic activity assayed 7.0 7.3 described above. The 
results these experiments are shown Figure 

Exposure intact tissues from fed fasted rats 
tropin invariably caused increase the lipolytic activity measured 
after the tissue had been homogenized, the mean increase with fed 


Hormonal Effect Lipolytic Activity (pH 7.0-7.3) 


30" Corticotropin Epinephrine Growth Hormone 
ME q/g/30 


ac Fed Fasted 


Hormonal Effects Lipolytie Activity Rat Adipose Tissue (pH 
0.3 0.5 ml. homogenate was added 0.3 ml. coconut oil, 0.75 ml. 20% 
human albumin and sufficient Krebs-Ringer phosphate buffer bring volume 3.0 
ml. some experiments 0.7 ml. Tris Buffer (0.4 replaced part the phosphate 
buffer. The initial all experiments varied from 7.0 7.3. The brackets indicate 
the number experiments are indicated the circles and the values are given 
the foot the columns significant). Lipolysis expressed free 
fatty acid produced per gram tissue per minutes incubation. 
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fasted tissue being about 40%. One corticotropin gave effect 
similar magnitude while 0.1 produced significant but smaller 
increment. Corticotropin was without effect when added after the tissue 
had been homogenized. 

Twenty micrograms per ml. epinephrine caused increase 
activity the same magnitude that produced similar concentration 
corticotropin, while growth hormone this concentration was inactive. 
While the administration small doses growth hormone vivo 
effective increasing the concentration free fatty acid plasma both 
man and dog (12) and increasing the production free fatty acid 


Lipolytic Response Corticotropin Added After Prolonged 
Incubation Buffer 


a-HEq/ 190 24) i9 0 
HEQq/g/30" % Increase 39 % 92 % 95% 


Corticotropin 


Preincubation C 65 Min 65 Min 


Lipolytie Response Corticotropin Added after Prolonged Incubation 
Phosphate Buffer. The composition the homogenate-substrate mixture and the ex- 
pression results are the same described the Legend Figure 


adipose tissue from hypophysectomized rats (13, 14), vitro effects 
growth have been found only with large amounts the hormone 
and may attributable traces corticotropin other factors the 
preparation. 

Figure shows the effect activity prolonged incubation 
intact tissue phosphate buffer before homogenizing. Paired pieces 
epididymal fat were incubated buffer for 165 minutes, corticotropin was 
then added one flask and incubation continued for additional 
minutes. The tissues were then homogenized and activity assayed 
7.0 7.3. While preincubation lowered the activity the tissues 
markedly, the magnitude the response corticotropin was not altered 
and thus the per cent activity induced the hormone was 
greater with the preincubated tissue. These experiments suggest that the 
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magnitude the effect from corticotropin not directly dependent the 
basal level activity the tissue. 

Korn has found that extracts rat heart (15) and rat and chicken 
adipose tissue (16, 17) contain enzyme, the optimum substrate 
for which complex and which was therefore 
termed lipoprotein lipase. explore the possible relationship between the 
activity this enzyme and that induced corticotropin study was 
made the effect these activities. Aliquots homogenates 
control and corticotropin-treated tissues were added coconut oil emul- 
sions diluted mixture Krebs-Ringer phosphate and Tris buffers 
6.1, 7.0, 7.9. explore the effect the activity lipoprotein 
lipase the homogenate system, use was made the fact that fasting 
reduces the activity lipoprotein lipase rat adipose tissue (5, 18, 19). 
Thus aliquots fat homogenates from fed and 24-hour fasted rats were 
treated fashion identical that used the experiments with cortico- 
tropin except for the addition small amounts serum, and hence lipo- 
protein, the coconut oil mixture. The results these experiments are 
shown Figure 

Homogenates from fasting animals were less active than those from fed 
only the highest tested, 7.9, indicating that lipoprotein lipase, the 
activity which reduced fasting has more activity 7.9 than 
7.0 the homogenate system. This result consistent with the observa- 
tion Korn that the activity lipoprotein lipase prepared from chicken 
adipose tissue increases with increasing 8.5 (17). contrast 
this finding the increase activity induced corticotropin expressed 
either absolute terms Figure percentage increase over the 
control, was greatest 7.0. When the corticotropin-induced activity 
Was assayed using the serum-triglyceride substrate, the same optimum 
was found while the increment activity with this substrate was least 
great and some instances was greater than with triglyceride alone. 

the various inhibitors the corticotropin-induced activity 
studied the most effective was sodium fluoride. these experiments 
paired pieces epididymal fat were incubated with and without ml. 
corticotropin and then homogenized previously described. One aliquot 
each homogenate was then added coconut oil preparation (pH, 7.0) 
containing .027 sodium fluoride and second aliquot the same homog- 
enate added substrate without sodium fluoride. Assay lipolytic 
activity was performed before. The results these studies are shown 
the left side Figure The effect sodium fluoride was inhibit 
approximately 45% the activity the control homogenates and 
reduce 80% the activity induced corticotropin. When sodium 
fluoride was incubated with intact adipose tissue the presence cortico- 
tropin, inhibited the response this hormone (Right side, Figure 6). 
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Lipolytic Activity of Tissue From Fed Lipolytic Activity Induced by Corticotropin 
and Fosted Rots 
30 
70 28 
26 
22 
i8 
14 
30 12 
10 
20 8 
Fed 6 
104 Fasted 4 
2 


61 64 67 70 73 76 79 61 64 67 70 73 76 79 


Effect the Lipolytic Activity Rat Adipose Tissue. Left—the me- 
dium consisted 0.3 ml. coconut oil, 0.3 fresh human serum, 0.7 ml. 
0.4 Tris buffer, 0.68 ml. 20% albumin and 0.72 ml. phosphate buffer. This mix- 
ture was incubated 37° for minutes, was then adjusted and 0.3 ml. homog- 
enate added. Right—the medium consisted 0.3 ml. coconut oil, 0.75 ml. 
0.4 Tris buffer, 0.70 ml. 20% albumin and 0.95 ml. phosphate buffer. After ad- 
justment pH, 0.3 ml. homogenate was added. The values plotted represent the dif- 
ference between the lipolytic activity control and corticotropin-treated tissues ex- 
pressed per gram tissue per minutes incubation. 

The and number experiments are shown. 


would appear reasonable relate this latter effect sodium fluoride its 
inhibitory action the lipolytic enzyme affected corticotropin. 


DISCUSSION 


The findings these experiments suggest that corticotropin and epi- 
nephrine augment free fatty acid accumulation the rat activating 
lipase adipose tissue. These findings are similar those recently re- 
ported from other laboratories (20, 21). 

The rapid activation lipase produced epinephrine and corticotropin 
keeping with the vivo effects these hormones. Epinephrine has 
been shown cause rapid increase the free fatty acids plasma 
several species (6, 10, 12) and corticotropin has now been found behave 
similarly the rat. interest that growth hormone produces rise 
plasma fatty acids more slowly (in man only after hours) and that this 
hormone dose ug/ml. failed produce prompt effect the 
lipolytic activity adipose tissue. possible that these differences are 
due the production growth hormone release free fatty acid 
mechanism different from that ACTH and epinephrine. 
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Effect NaF Responses Corticotropin 


Lipolytic Activity of Homogenates Fatty Acid Production by Intact Tissues 


acty O 206 206 ie} 26 26 
NoF O27™ ° 


homogenate was added 0.3 ml. coconut oil, 0.75 ml. 20% albumin and 1.45 
ml. phosphate buffer, the medium having been preadjusted 7.0. Lipolysis ex- 
pressed fatty acid produced per gram tissue per minutes. Right— 
medium consisted ml. phosphate buffer with albumin and was 
out for hour. Results are expressed free fatty acid per gram tissue 
per hour. 


The lipolytic activity induced corticotropin differs from that 
lipoprotein lipase optimum, and not reduced fasting, condi- 
tion which reduces lipoprotein lipase activity. Thus the enzyme affected 
corticotropin may distinct from lipoprotein lipase but must 
further characterized before definitive statement concerning this 
tion can made. additional problem that must await further study 
the relationship between the lipase stimulated corticotropin and that 
responsible for the hydrolysis triglyceride adipose tissue the ab- 
sence this hormone. 
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CORTISOL GLYCOGEN SYNTHESIS 
FASTED 


JAMES ASHMORE, FRANCIS STRICKER, WILLIAM LOVE? 
AND GRACE KILSHEIMER 


Department Biochemistry, Indiana University Medical School, Indianapolis, Indiana 


ABSTRACT 

The acute effects cortisol that result increase liver glycogen deposi- 
tion were studied fasted rats, using and labeled 
substrates. The incorporation labeled carbon into blood glucose, liver 
gen and liver dicarboxylic acids was determined. The results these experi- 
ments indicate that cortisol increases the incorporation label from 
tive bicarbonate into liver glycogen without any significant increase the 
activity either blood glucose liver acids. Studies with 
labeled showed increased deposition glycogen from this substrate. 
There was little from glucose via the Cori Under these 
conditions cortisol did not appear increase glucose production 
measured changes specifie activity blood glucose. 

Evidence presented that the fasting adrenalectomized animal there 
some specific impairment glycogen formation apart from the ability the 
liver form glucose. suggested that the adrenal cortical steroids may act 
increase glycogen deposition from blood glucose. 


HAT adrenal cortical steroids promote gluconeogenesis and deposi- 

tion hepatic glycogen well known (1, 2). These effects have been 
adequately documented the report Long, Katzin and Fry (3). 
number instances has been reported that addition vitro 
adrenal cortical preparations will increase deposition liver 
slices (4, 5); however such effects have not been consistantly demonstrated. 
the fasting rat treated with cortisol increase liver glycogen ob- 
served during the first three hours following injection the steroid (6), 
although significant deposition from the third sixth hours. The 
ability the liver make glucose the fasting adrenalectomized rat 
appears somewhat limited. Lewis al. (7) found that glucose forma- 
tion from lactate, pyruvate alanine was markedly impaired such 
animals. More recently Winternitz al. (8) have determined the extent 
glycogen formation fasting normal and adrenalectomized rats injected 
with number carbohydrate intermediates. Adrenalectomized rats 
formed little when glucose, fructose, glycerol, lactate malate 
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were administered. Cortisol restored glycogen formation all cases. The 
lack formation the absence the adrenal has been attributed 
some defect glycogen synthesis rather than any impairment sub- 
strate utilization glucose synthesis. Winternitz al. (8) have suggested 
that diversion glucose-6-phosphate into alternate route metab- 
olism, possibly the phosphogluconate shunt, might result the decreased 
glycogen synthesis observed. 

order better define the source glycogen carbons following cortisol 
stimulation, fasting normal and adrenalectomized rats were injected with 
bicarbonate and glucose and the activity liver glycogen 
and blood glucose followed with time after cortisol administration. Labeled 
bicarbonate was used since gluconeogenesis from three carbon compounds 
would require CO, fixation the liver (9). Incorporation into inter- 
mediate dicarboxylic acids the acid cycle was followed using 
standard silica gel column technique (10). The possible contribution the 
Cori cycle glycogen formation was estimated injecting 
Since reincorporation lactic acid from muscle metabolism would result 
randomization the label into carbons and glucose, activity 
the top three carbons glucose was determined periodate oxidation 
glucosephenylosazone (11). The results these studies indicate that blood 


glucose the most probable source the liver glycogen formed cortisol 
stimulation. 


MATERIALS AND METHODS 


Male Wistar rats 150 180 gm. body weight were fasted for hours prior injec- 
tion mg. cortisol (free microcrystalline suspension injected subcutane- 
ously) and radioactive substrates were given hours after the cortisol injection. 
(Sp. 2.5 were given intraperitoneally isotonic saline and 
(Sp. A., me/mmole) were injected into the femoral vein under light 
ether anesthesia. Adrenalectomized animals were prepared bilateral removal the 
adrenals four days prior the experiment and animals were maintained isotonic 
saline libitum. 

Blood samples for determination the activity and were ob- 
tained from the severed end the tail. from acidified samples blood was per- 
mitted diffuse into alkali and precipitated and counted blood glucose con- 
centration was determined the Somogyi-Nelson method (12) and glucosazones were 
prepared from the same filtrate after adding carrier glucose (13). Liver glycogen was iso- 
lated aleohol precipitation KOH digest and hydrolyzed with sulfurie acid 
(14). was determined glucose copper reduction (12) and counted glu- 
cosephenylosazone. 

The content the top three carbons the glucose molecule was determined 
oxidation glucosephenylosazone with periodate (11). The mesoxaldehyde formed was 
recrystallized from 60% plated and counted. 

For the determination acids livers were rapidly removed, frozen 
dry ice bath, weighed and ground frozen. Proteins were removed with perchloric acid 
and the supernatant fluid neutralized with KOH (pH and evaporated dryness 
under reduced pressure. The dry residue was acidified with 0.5 ml. 0.5N acid 
and mixed with 0.5 gm. silicic acid and chloroform. This was added the top 
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acid column (12.5 gm. silicic acid) and the acids eluted with butanol (10). Two 
ml. fractions were collected and titrated with NaOH using phenol red indicator. 
Pooled fractions were evaporated under reduced pressure. aliquot each fraction 
was assayed for direct plating. Combined fractions were rechromatographed and 


RESULTS 
the incorporation into liver glycogen and blood 
glucose are summarized Table All animals were fasted for hours 
prior the experimental period, cortisol saline were injected three 
hours before bicarbonate and lactate were given, and the animals were 


ROLE THE ADRENAL CORTEX INCORPORATION INTO LIVER 
GLYCOGEN AND BLOOD GLUCOSE FASTED RATS 


Liver glycogen Blood glucose Sp.A., 


obs Sp.A liver 

Fasted Normal Rats 
292 9,760 950 500 
1,800 7,400 230 200 
Fasted Rats Injected with Cortisol 
670 1,400 1,100 510 
Fasted Adrenalectomized Rats 
457 1,900 1,200 740 390 
Fasted Normal Rats Injected with millimole Lactate 

8.2 3,100 15,700 

Fasted Adrenalectomized Rats Injected with millimole Lactate 
453 1,760 670 482 
0.6 1.4 450 510 


killed minutes after the was injected. The glycogen content the 
liver expressed terms micromoles glucose per gm. and the 
content has been expressed activity well liver 
and 100 gm. body weight. Cortisol resulted small increase the 
glycogen content the liver during the experimental period control 
rats, shown many times heretofore, and both specific activity and total 
cpm. incorporated into liver glycogen were increased the hormone. 
Although incorporation into glycogen was increased about three-fold, 
marked increase the activity blood glucose was observed 
the cortisol treated rats. 

Little was found, anticipated, the livers fasting adre- 
nalectomized rats and the incorporation radioactivity into the glycogen 
fraction was less than 10% that observed normal animals. Blood 
glucose, the other hand was labeled about the same extent the 
normal control series. 

Unlabeled sodium lactate millimole) was given along with the radio- 
active bicarbonate second series experiments. The lactate 
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increase fixation well known (15), and the results achieved 
normal animals are consistent with the experience others. Since both 
cortisol and lactate increase the incorporation radioactivity from 
into liver glycogen, the action the steroid may only increase the 
availability three carbon compounds the liver. The failure lactate 
stimulate into liver glycogen the fasting adre- 
nalectomized rats suggests some defect glycogen formation. 

One the several possible actions cortisol that accelerating 
glucose metabolism the Cori cycle. Thus, glucose removed extra- 
hepatic tissues could rapidly glycolyzed and the lactic acid formed re- 
turned the liver increasing CO, fixation and possibly glycogen deposi- 
tion. Such effect would consistent with the postulate Henneman 
and Bunker (16) that corticoids have direct inhibitory action the 


Fic. Log activity blood 
glucose has been plotted functoin 
time after intravenous injection 
glucose-6-C™ into cortisol treated and 
saline control rats. Each curve represents 
the mean three experiments and total 
spread points indicated (1). 


SPECIFIC ACTIVITY BLOOD GLUCOSE (CPM’mM x 10°) 


TIME IN MINUTES 


oxidation pyruvate. order test this hypothesis animals were in- 
jected with The semi-logarithmic decay curves for blood 
glucose activity control and cortisol treated rats are given 
Figure increase hepatic glucose production would expected 
result more rapid decrease blood glucose specific activity the 
cortisol treated animals. This was not observed. increase the Cori 
under these conditions would result randomization the label 
the glucose molecule carbon atoms and The extent randomization 
vas determined periodate oxidation the phenylglucosazone and was 
found neligible, amounting about the circulating radio- 
activity the end one hour. difference was found between control 
and cortisol treated animals. 

Incorporation carbon from into tissue glycogen 
fasted normal and cortisol treated rats given Table incorpora- 
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TABLE INCORPORATION CARBON FROM INTO 
GLYCOGEN OF FASTED NORMAL AND CORTISOL TREATED RATS 


Sp.A. 


uM/gm. wet tissue 
Liver 
Control 6.8 212 
6.1 182 1,110 
6.3 198 1 250 
(Mean) 6.4 197 1,275 
Cortisol 22. 242 5,300 
147 5,150 
26 192 5,000 
(Mean) 194 5,150 
Muscle 
Control 6.6 138 
13 6.9 90 
8.8 105 
(Mean) 
Cortisol 10.4 160 
9.2 202 
13.2 313 
(Mean) 10.9 225 


tion into both liver and muscle glycogen was increased cortisol. The 
extent glycogen labeling reflects the amount glycogen found the 
liver and suggests that both cases most the glycogen isolated has 
been formed from blood glucose the same specific activity. The increase 
radioactivity muscle glycogen cortisol treated animals indicates 
increase glycogen deposition. This may due part the slightly 
higher blood glucose values the cortisol treated series. 

have observed experiments with radioactive bicarbonate that in- 
corporation into liver glycogen continues for some time after most 
the radioactive CO, has disappeared from the blood (17). These experi- 
ments suggested that during the first hour after administration, 
pool labeled intermediates might formed from which labeled glycogen 
could made over the next few hours. Since initial fixation CO. would 
result labeling the acids the acid these 
compounds were isolated from the liver one hour after radioactive bi- 
glucose were given. The results one experiment are given 
Figure Cortisol acting over period hours the fasted rat did not 
‘ause any pronounced increase any the components isolated. Mean 
values for the activity found these fractions are given Table 
Although increase the activity the lactate-succinate fraction from 
was observed the cortisol series, the amount activity found 
not sufficient account for the glycogen formed during the following hour. 
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ACETATE ® KETOGLUTARATE 
SUCCINATE MALATE 
FUMARATE LACTATE 


AL EQ. PER 100 GRAMS OF LIVER 


Microequivalents acid per 100 gm. wet liver has been plotted 
tion fraction number. The volume each fraction was ml. and gradient elution 
butanol chloroform was used. 


DISCUSSION 


These experiments deal primarily with the acute effect cortisol 
increase liver glycogen deposition and should not confused with later 
effects the steroid that result increased gluconeogenesis. Previous 
experiments Winternitz have demonstrated that the fasting 
adrenalectomized rat there presumably some specific impairment 
glycogen formation. Our results obtained adrenalectomized rats are 
agreement with this conclusion. Although radioactive carbon from labeled 
bicarbonate was found blood glucose about the same extent 
control animals, incorporation label into glycogen was dimin- 
ished. Such defect probably involves some biochemical transformation 
between glucose-6-phosphate and glycogen. 


TABLE INCORPORATION INTO LIVER CARBOXYLIC ACIDS 
(Each value represents the mean pooled samples from three rats. 
Values are expressed cpm/gm. liver) 


Glucose-6-C 
Control Cortisol Control Cortisol 
Fumarate 200 220 
Lactate-Succinate 6,100 250 580 
Ketoglutarate 550 500 
Malate 430 670 


230 260 
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cortisol treated normal animals has been possible show in- 
crease liver glycogen deposition the absence any pronounced in- 
crease gluconeogenesis. That is, all animals appear incorporate label 
from radiobicarbonate into blood glucose essentially the same rate. The 
turnover rate blood glucose was not increased, nor was there any evi- 
dence increase recycling the label. was also found that cortisol 
under these conditions did not increase liver dicarboxylic acids and further 
the incorporation labeled carbon into these fractions was not stimulated. 
Therefore, would appear unlikely that the initial glycogen deposition 
observed resulted from either increase substrates the liver 
increase CO, fixation. 

The most probable source the glycogen laid down under initial cortisol 
stimulation the blood glucose. Experiments with labeled glucose indicate 
that cortisol does stimulate incorporation label from this substrate into 
glycogen. Specific activity curves blood glucose and liver glycogen (17) 
obtained with bicarbonate are consistent with the classical 
precursor curves Zilversmit al. (18) and support our contention 
that glucose may serve the precursor. Winternitz al. have sug- 
gested the possibility that the corticoids may control some alternate 
pathway glucose-6-phosphate metabolism, perhaps the phosphogluco- 
nate shunt. Such effect could result increased glycogen formation 
without much apparent change the rate blood glucose formation. 
However, estimations the activity the phosphogluconate shunt 
liver slices have not revealed any pronounced effect adrenal hormones 
this route (19). 

Some caution should exercised accepting these tentative con- 
clusions. possible that slight changes the rates number 
reactions may result, through combination effects, marked in- 
crease glycogen deposition without much significant change any 
the other parameters measured. 
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THE THYROID AND ABSORPTION 
VITAMIN 


Department Biochemistry, School Hygiene Public Health, 
The Johns Hopkins University, Baltimore, Maryland 


ABSTRACT 

The absorption vitamin and the concentrations vitamin the 
plasma and liver were measured normal rats and rats which the thyroid 
activity was altered. was found that the absorption oral dose radio- 
active vitamin markedly reduced after thyroidectomy and that the 
thyroid hormone treatment readily normalizes absorption 
rats. However, the administration intrinsic factor (IF) prepared from rat 
stomachs did not improve absorption such animals. The measurement 
activity the stomach demonstrated that the amount the stomach 
not reduced thyroidectomized rats. seems, therefore, that the thyroidal 
influence the absorption vitamin not mediated through the produc- 
tion IF. possible hormonal regulation acting directly the intestinal wall 
for the absorption vitamin has been discussed. 


TUDIES the mechanism absorption vitamin have centered 

primarily the role factor (IF), little the regulatory 
mechanism for intestinal absorption this vitamin under various ab- 
normal conditions. our previous report, was demonstrated that levels 
vitamin plasma human cretins are low and elevated 
after thyroid therapy (1). These data suggest the possibility that thyroid 
activity has regulatory effect the absorption vitamin We, 
therefore, studied the influence thyroid activity the absorption 
vitamin By» and its concentration tissues and plasma animals which 
were made athyroid fed thyroid hormone the diet. This communica- 
tion reports findings such studies which demonstrated hormonal regula- 
tion intestinal absorption vitamin Efforts were also made 
elucidate the control mechanism, particularly with reference the effect 
thyroid activity the production intrinsic factor which known 
aid absorption vitamin 


MATERIALS AND METHODS 


Preparation animals. (a) Thyroidectomized rats. studies which absorption 
radioactive vitamin was measured fecal excretion test, thyroidectomized and 
control rats were obtained from one other studies, these two groups rats 
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were purchased from commercial (b) Rats fed with desiccated thyroid. Young 
adult rats the strain from our own colony were fed desiccated thyroid 
the basal diet the level 0.1 0.2% for period more than three weeks. Loss 
weight comparison with the control animals was taken the indication hyper- 
thyroid state. The experimental basal diet consisted 20% vitamin-free casein, 
mazola oil, 71% sucrose, salt mixture weight, with all the vitamins except vita- 
min By». Thiouracil treated rats. study the effect chronic hypothyroidism 
plasma vitamin levels, rats from our stock colony were fed vitamin free soy- 
bean diet and were given lib, drinking water containing 0.05% thiouracill 


Measurement vitamin plasma and liver. Plasma and liver specimens were proc- 
essed according the procedures previously described (2, 3). They were assayed for the 
microbiological activity vitamin with Skeggs’ medium (4) and Lactobacillus 
leichmannit 4797 the test organism. 


was administered orally fasting rats. The radioactivity the fecal specimen col- 
for days and certain organs was taken index absorption. The tech- 
nique radioactivity measurement such specimens with well-type gamma scintilla- 
tion counter has been described (5). 


Preparction intrinsic factor from the stomach untreated rats. The fundus mucosa 
the stomach normal rats from our colony was scraped and homogenized with physio- 
logical saline solution. After minutes centrifugation 3,000 rpm, the supernatant 
fluid was used the source and its activity was tested with the “intestinal loop” 
technique (6). The main portion the activity remains the supernatant solution 
(6). This mucosal extract was used the experiments which was mixed with 
test dose radioactive vitamin and administered thyroidectomized rats. 


Determination total activity the stomach thyroidectomized rats. For the determina- 
tion the total content IF, the entire stomach experimental rats was removed 
and homogenized toto with physiological saline solution the cold. The homogenate 
was centrifuged. The supernatant fluid was used for the measurement vitamin 
binding capacity the dialysis method (5); and for the estimation activity, 
the technique (6). The latter measurement was performed introducing into 
loop prepared normal rat amount the supernatant fluid containing enough 
bind with radioactive vitamin this way, the mixture contains 
amount less than that needed for maximum absorption this dose vitamin 
The decrease radioactivity the loop after hours was taken the amount 
absorbed. The enhancement absorption the addition stomach extract prepared 
from the thyroidectomized rats was compared with that the extract prepared from 
the normal rats. 


RESULTS 


Effect feeding desiccated thyroid vitamin absorption. Study 
adult female rats were divided into two groups: Group rats) were fed 
the basal casein diet and Group rats) were offered the same diet sup- 
plemented with desiccated thyroid gm./kg. diet) for weeks. Both 
groups animals were then tested for their ability absorb vitamin 
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The results (Table demonstrate increase absorption according 
the fecal excretion test and the uptake radioactivity the liver 
<0.05). Study four groups young female rats were used. The 
first two were given the same diet Groups and Study which 
contained added vitamin By. study the effect thyroid feeding 
absorption the presence exogenous vitamin By, two additional groups 
rats were used. Both groups received diet which vitamin was 
added (250 diet). However Group received desiccated thyroid 
supplementation. The exogenous vitamin was removed from the diets 
for Groups and during the two days prior the test order avoid 
isotope dilution effect dietary vitamin By. The results Study 


TABLE ABSORPTION RADIOACTIVE VITAMIN HYPERTHYROID RATS 


Av. body wt. 


Organ uptake 


Study No. (gm.) 
(sex) rats After 
Initial wks. (mug) 
Control 176 202 18.7+0.9 1.90+0.26 
(F) Thyroid 185 163 29.2+1.2 
Control 178 196 18.3+1.9 
Thyroid* 187 145 26.0+1.0 6.98+0.20 4.66+0.25 
Thyroid* 187 157 3.14+0.10 9.89+1.26 
Control 344 398 24.2+1.9 2.67+0.17 
Control 298 345 2.28+0.24 2.28+0.16 


Figures are mean 
single oral dose radioactive vitamin was given. 

Animals were fed free basal diet supplemented with the following for weeks: 
0.2% thyroid. 

250 mug. vitamin diet. 


likewise showed that thyroid treatment increased the absorption vita- 
min By. similar difference was observed the organ uptake radio- 
activity. noted that the kidneys vitamin treated animals 
and retained considerably more radioactivity than did those 
the rats and receiving vitamin By. 

Another study was conducted with adult male rats, which were fed 
diets containing added vitamin increase absorption was 
demonstrated this study (Study III). This study was repeated with 
another set rats with similar results. Whether the difference results 
between experiments with females and males may attributed sex 
other factors such weight differences remains elucidated. 


Absorption vitamin thyroidectomized rats and effect feeding thyroid 
hormone. determine the effect thyroidectomy and feeding thyroid 
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hormone vitamin absorption, these operated rats, one-half 
group two-month old male animals were thyroidectomized, and the 
other half served control. Both groups rats were fed the stock diet 
for one month and given the absorption test. The data such study 
(Table Study show that the absorption radioactive vitamin 
the thyroidectomized rats was markedly lower than that the control, 
being and respectively. The thyroidecto- 
mized rats were then given desiccated thyroid the stock diet for 
weeks, whereas the control rats remained the stock diet. They were 
again given the absorption test. The absorption the thyroidectomized 
rats after the thyroid powder treatment was found markedly in- 
creased, from the previous average 6.2 27.7 The latter value 
was slightly but insignificantly higher than the absorption the control 
group. similar study (B) was conducted which 1-thyroxine (2.5 


TABLE ABSORPTION VITAMIN THYROIDECTOMIZED RATS AND EN- 
HANCEMENT ADSORPTION THYROID HORMONE TREATMENTS 


absorption fecal ex- 
cretion 


Study Group No. rats Body wt. 
(gm.) Before After thyroid 
treatment treatment 
Control 370 27.4+0.8 28.7+1.0 


thyroid, 0.1% diet, was given thyroidectomized rats Study 
L-thyroxine, 2.5 per day diet, was given rats Study 
All results are expressed mug 


gm. diet) was fed the thyroidectomized rats place desiccated thy- 
roid. The data again demonstrated the marked diminution absorption 
thyroidectomized rats which could corrected thyroxine feeding 
(compare and 23.0+2.0 These two groups thy- 
roidectomized rats were obtained different times, and the difference 
the aborption vitamin before the thyroid hormone treatment may 
due some variation associated with the batch the animals. 


Plasma and liver concentrations vitamin rats with varying thyroid 
activities. thyroid activity does influence vitamin absorption, this 
regulatory process may reflect itself the vitamin levels plasma 
liver the animals according the state thyroid activity. For this 
reason, vitamin concentrations plasma and liver the rats whose 
thyroid activity was altered were determined. the first study, the four 
groups animals used the previous absorption experiment (Table 
Study were sacrificed immediately after the test and vitamin con- 
centrations the plasma and liver homogenate were determined. The 
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TABLE EFFECT THE ADMINISTRATION DESICCATED THYROID 
VITAMIN LEVELS THE PLASMA AND LIVER 


Plasma level Liver 


Group No. rats wks. tration wks. 
Desiccated Thyroid 0.83 36+ 0.2 


Plasma vitamin was determined method. 
Standard error the mean. 


results (Table show that thyroid supplementation increased 
the liver vitamin levels when exogenous was present, but this dif- 
ference was not observed the absence added vitamin Only slight 
differences were observed the plasma levels. 

another study, 2-month old male rats raised our stock diet con- 
taining liver powder were used. One-third these animals were thyroid- 
ectomized, another third were placed the same diet containing desic- 
thyroid (0.2%), and another third received treatment. One month 
afterwards, vitamin concentrations the plasma and liver were deter- 
mined. shown Table hyperthyroid rats had higher liver 
level than those the control group, while the thyroidectomized rats 
had the highest. However, the thyroidectomized rats had considerably 
lower plasma levels vitamin than those other groups. Another 
study was conducted with two groups rats (one, thyroidectomized; and 
the other, control). Vitamin levels were measured two months after 
thyroidectomy. Again, the thyroidectomized rats showed lower plasma 
levels and higher liver concentrations vitamin 

Since these experiments indicated that athyroid rats absorb only one- 
fourth one-half the test dose vitamin and that plasma level 
vitamin decreases after the operation, seemed that suppression 
the thyroid function with chemical agent would also bring about 
similar effect. this end, three month old female rats, which had been 


TABLE THE PLASMA AND LIVER CONCENTRATIONS VITAMIN 
HYPER- AND ATHYROID RATS 


Body wt. Liver 


Study Group No. sacrifice Concentration 
(gm.) 
Thyroidectomized 255 153.0+40.0 
Control 363 0.98 +0.06 63.8+ 6.6 


* 
+ 
+ 
+ 


Months after thyroidectomy. 
Fed 0.2% thyroid for month. 
Standard error the mean. 
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EFFECT THIOURACIL ADMINISTRATION PLASMA LEVELS VITAMIN 


Volume 


Body wt. (gm.) 


Group No. rats Initial 
Control 210 229 
Thiouracil* 189 200 0.23 +0.020 
Thiouracil 202 


216 


0.05% drinking water. 
Standard error the mean. 


fed the stock diet, were divided into four groups: two groups were fed 
vitamin deficient soybean diet, and the other two groups were fed the 
same diet supplemented with vitamin (50 diet). One each 
the two groups received thiouracil drinking water solution). 
After months the feeding, blood was drawn heart puncture and 
plasma vitamin was determined. The results (Table showed that 
the plasma levels vitamin the thiouracil treated rats fed the 
vitamin diet were significantly lower (P<0.001) than those 
the rats receiving vitamin but thiouracil, the average being 
0.67 +0.100 and 1.23 +0.035 respectively. There was demon- 
strable difference plasma vitamin between the two groups which 
received vitamin the diet. 


ascertain whether reduction absorption after thyroidectomy asso- 
ciated with possible defect production, experiments were carried 
out which saline extract normal rat stomach was administered 
concomitantly with test dose radioactive vitamin thyroidecto- 
mized rats. The results three such studies showed essentially that the 
addition the form stomach extract did not improve the absorp- 
tion, shown Table which the results typical experiment are 
given. 

possible that administered concomitantly with the test dose 
mouth may inactivated the gastric juice before can exert its action 


TABLE RAT STOMACH EXTRACT THE ABSORPTION 
VITAMIN THYROIDECTOMIZED RATS 


Group No. rats fecal test 
(mug) Liver Kidneys 
Thyroidectomized 8.6+3.1 0.47+0.11 
Thyroidectomized with 


Contained vitamin binding capacity 200 mug. 
Standard error the mean. 


, 
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the intestine rats, even though this not true man. Therefore, 
the following experiment was carried out: both control and thyroidecto- 
mized rats were laparotomized. While fasting, mixture radioactive 
vitamin and rat stomach extract containing 100 binding power 
was directly injected into the duodenum, and the absorption was measured. 
The results again showed (Table that the addition the form 
stomach extract did not improve the absorption, the thyroidecto- 
mized rat (Table while apparently doing certain extent the 
controls. 


TABLE ABSORPTION RADIOACTIVE VITAMIN DIRECTLY INFUSED INTO 
THE DUODENUM AND THE EFFECT STOMACH EXTRACT ABSORPTION 


Organ uptake radioactivity 


é sor i i y 
Absorption 


rats fecal test 


Liver Kidneys 


(without extract) 
Control 17.9+2.6 2.14+0.38 4.41+0.78 
(with 
(with extract) 


mug alone. 
mixed with stomach extract containing 100 binding power. 
Standard error the mean. 


Measurement the amount present the stomach. has been found 
this laboratory (6) that activity the stomach mucosa extract 
measured the technique proportional its vitamin bind- 
ing capacity. Therefore, the total activity present the stomach could 
estimated from the total binding power the whole stomach. Hence, 
the whole stomach the control and the thyroidectomized rat was homog- 
enized and the vitamin B;. binding capacity was measured and compared. 
The results demonstrated difference the total vitamin binding 
power the stomach thyroidectomized rats and normal rats, which 
were myg and mug, respectively. 

has also been shown the method that the maximum absorp- 
tion test dose vitamin takes place the presence 
that amount extract capable binding about mug By. order 
determine whether not there the same correlation between vitamin 
binding power and activity the thyroidectomized rats, stomach 
extract which was used the preceding experiment was further tested 
for activity. aliquot containing binding power was 
mixed with test dose and applied into loops pre- 
pared normal rats, and the absorption was measured. was found 
that the activity the extract prepared from the thyroidectomized 
rat was practically the same that the control rat (Table 8). seems, 


Group 
Control 
* 
t 4 
+ 
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TABLE 8. IF activity OF STOMACH EXTRACT OF THE THYROIDECTOMIZED AND 
CONTROL RATE AS MEASURED BY “‘LOOP’’ TECHNIQUE 


Absorption Organ uptake radioactivity 
Liver Kidneys 
Thyroidectomized rat 5.3+0.25* 1.79+0.06 


Had total binding 1460 per stomach. 


Had total binding 1468 
Standard error the mean. 


amount extract containing binding power was used with the test dose 


therefore, that the ratio the binding power activity the same 
both normal and thyroidectomized rats and that the total amount 
present the stomach mucosa not reduced the latter. 


DISCUSSION 


Our data presented this report show that thyroidectomy reduces the 
absorption vitamin with concomitant decrease the concentra- 
tion vitamin plasma. The reduction thyroid activity thi- 
ouracil feeding for long period produced similar effect the plasma 
vitamin By. However, under our experimental conditions, the hepatic level 
vitamin thyroidectomized rats was not lowered, thus creating 
abnormal ratio concentration the plasma that the liver. This 
phenomenon may indicate impaired metabolism this vitamin. The 
administration desiccated thyroid thyroxine such animals readily 
restored the absorption normal, thus demonstrating regulatory effect 
the thyroid vitamin absorption. 

The effect the administration thyroid hormone normal rats 
the absorption vitamin varied with sex. Although females which were 
given dietary thyroid powder absorbed more the test dose vitamin 
than did the controls, this was not true the male rats. Whether the effect 
thyroid feeding varies with the sex rats, sex hormones was inter- 
related the regulatory mechanism absorption the thyroid hor- 
mone, even due differences body weights, not clear the mo- 
ment. 

The absorption vitamin requires and probably some other 
factors. Therefore, attempts were made determine whether the reduc- 
tion absorption athyroidism due reduction production 
from the stomach. Such studies demonstrated that addition the 
test dose vitamin did not improve absorption all thyroidecto- 
mized rats. Furthermore, when the total activities the stomach 
the thyroidectomized and control rats were estimated, difference was 
found. That the secretion into the gastric juice reduced thy- 
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roidectomized rats seems unlikely, because the experiment which 
excess amount was mixed with the test dose vitamin and 
introduced directly into the duodenum both thyroidectomized and 
normal rats showed that the absorption the former was still poorer than 
that the latter. These findings, therefore, suggest that the regulatory 
effect the thyroid hormone vitamin absorption not mediated 
through the production IF, but through some sytem which probably 
present the intestinal wall. 
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BIOLOGICAL ACTIVITY 9a,118-DIHALO 
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ABSTRACT 

were studied thymolytic, anti-inflammatory, 
and liver glycogen methods the adrenalectomized rat. all instances the 
substitution the 118-halo group for the resulted corticoids 
with significantly reduced activity. 


OBINSON al. (1) have reported that 21- 

active prednisolone acetate while the and 
compounds are and times active the same standard 
using granuloma pouch assay (2). However, the latter two compounds 
were judged have ‘‘only slight activity” dog (intact adrenal- 
ectomized) eosinopenic assay. These data imply rather wide separation 
anti-inflammatory and carbohydrate activity for these unique corti- 
coids. have restudied this possibility using the following 
steroids: 
and 
Various corticoid tests have 
been used such rat thymus involution, anti-inflammation, and deposi- 
tion glycogen the liver, all adrenalectomized rats. 


METHOD 

Rat Thymolytic-Anti-Inflammatory Test 

Twenty-three twenty-six day old albino rats were adrenalectomized and two 5+1 
mg. cotton pellets inserted subcutaneously. The standard and test compounds were ad- 
ministered gavage injection once daily for six days. The daily dose 
was contained 0.5 ml. the aqueous suspending medium containing the test com- 
pound. The suspending medium consists aqueous solution chloride 
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(0.9%), (0.4%), carboxymethyleellulose and benzyl 
(0.9%). The group received only the vehicle. 

Twenty-four hours after the last treatment the thymus glands and granulomas formed 
around the cotton pellets were removed. The thymus glands were weighed after blotting 
slightly moistened filter paper and the granulomas weighed after drying for hours 
100° The net weight the two dried granulomas was considered single de- 
termination for each animal. The thymus ratio was the mg. tissue 
weight per gram final body weight. 


Injection Test 


This test was performed Dr. Elva Shipley the Endocrine Assay 
Madison, Wisconsin. 

Fifty-day old male rats, gm. weight range, were bilaterally adrenalectomized 
under ether anesthesia. the time adrenalectomy, dental cotton pellets, ranging 
between 6.0-8.0 mg., were subcutaneously implanted, the neck region and the 
pectoral region. The animals were then weighed and placed cages where they received 
libitum stock diet and saline drinking water. 

The test materials were injected once daily for days, commencing 
the operative day. Autopsy was the day following the last day treatment. 
the time autopsy, the animals were weighed and the granuloma pellets were carefully 
dissected out and weighed. The granulomas were then placed oven dry, ap- 
proximately hours being allowed for complete drying, after which they 
weighed. average dry weight was found for each animal and net weights were ob- 
tained subtraction the cotton pellet weight. 


Glycogen Deposition Test 


This test was performed Dr. Elva Shipley the Endocrine Assay Labora- 
tories, Madison, Wisconsin, using method employing 21-day old adrenalectomized 
rats previously (3). 


RESULTS AND CONCLUSION 
Table lists the results the rat thymolytie and anti- 
inflammatory assay when the were administered gavage. 
this assay the dihalo steroid was approximately equal cortisol ace- 
tate anti-inflammatory agent but less than one-half active the 
THE THYMOLYTIC AND ANTI-INFLAMMATORY ACTIVITY 


(ppA! 4A) ADMINISTERED GAVAGE 


Compound Total dose, No. rats Mean thymus 

Cortisol 2.96 +0.20 
1.39+0.07 
2.0 6+3.0 


31. 
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THE THYMOLYTIC AND ANTI-INFLAMMATORY ACTIVITY 
ADMINISTERED GAVAGE 


Mean dry weight 
Compound Mean thymus 


Total dose, mg. No. rats 
Cortisol 0.5 43.3+4.8 
2.60+0.16 
2.15+0.12 


4.14+0.33 


basis the activity. even dose mg., pro- 
duced involution the thymus gland nor any consistent anti-inflam- 
matory activity. This contrasted with cortisol acetate which 
produced statistically significant thymus involution the one mg. dose 
(Table 2). Significant and anti-inflammatory activity was ob- 
served when was injected subcutaneously total dose mg. 
(Table 3). second pellet granuloma test (performed Dr. Elva 
Shipley) and were less active than the standard 
cortisol (Table 4). One compound, was less than one-half 
active cortisol glycogenic assay (Table 5). 


DISCUSSION 


The relative potency the three dihalo corticoids compared cortisol 
than cortisol the four different bioassays that were employed this 
study. These results not confirm the findings Robinson al. (1), 
who reported this steroid times active cortisol granuloma 
pouch test. The corresponding steroid, 9a-fluoroprednisolone, 
has been shown times active cortisol (4, which 


THE THYMOLYTIC AND ANTI-INFLAMMATORY ACTIVITY DDA‘A 
ADMINISTERED SUBCUTANEOUS INJECTION 


\ 
Mean thymus dry weight 


Compound 


Total dose, mg. 
administered dose, 


Cortisol 0.5 3.89+0.16 
Acetate 3.22+0.15 17.3+2.6 

0.71+0.05 10.8+1.6 
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ADMINISTERED INJECTION 


Dry mean granuloma 


Material administered Total dose, mg. No. rats weight, mg. (range) 

103 

Cortisol 0.5 9.8 
7.8-14.2) 

1.0 7.32 

5.8 
6.6) 

0.25 13.1 

1.0 10.6 
9.7-11.9) 

0.06 
9.4-14.9) 

0.25 
(10.0-11.8) 

8.4 
6.5-10.2) 

2.0 7.8 
8.3) 

0.5 9.0 
7.1-10.6) 

3.0 10.1 


9.6-10.4) 


Standard Deviation. 


TaBLE 5. THE GLYCOGEN ACTIVITY OF DDA!*A ADMINISTERED BY INJECTION 


Liver glycogen 
gen, 


Material administered Total dose, mg. No. animals gm. B.W. 


1.24 
2.38) 

Cortisol 0.05 5.00 
7.50) 

0.1 11.75 

0.1 1.85 


2.04) 


RELATIVE POTENCY 9a,118-DIHALO CORTICOIDS 


Approximate 


Steroid Bioassay relative potency Reference 
cortisol 

Rat Thymolytic Gavage <0.5 This Report 
Rat Anti-Inflammatory Gavage 1.0 This Report 
Granuloma Pouch Robinson al., 1959 
Rat Anti-Inflammatory Injection 0.5 This Report 
Rat Glycogenic Injection 0.5 This Report 

Rat Thymolytic Gavage <0.13 This Report 
Rat Injection 0.13 This Report 
Rat Anti-Inflammatory Injection 0.1 This Report 

Rat Anti-Inflammatory Injection <0.25 This Report 


we 
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means that the replacement the group the 
group resulted least ten-fold reduction activity. Similar reduc- 
tion activity for and are indicated. 
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TISSUE RETENTION CORTISOL AND METABOLITES 
INDUCED ACTH: EXTRA-ADRENAL 


DAVID BERLINER, NANCY KELLER? 
THOMAS DOUGHERTY 
Department Anatomy, Division Radiobiology, University Utah College 
Medicine, Salt Lake City, Utah 


ABSTRACT 


ACTH, both exogenously administered and endogenously 
causes retention cortisol and its metabolites blood, kidney, thymus and 
liver adrenalectomized mice. Exogenous ACTH causes inhibition 
gation corticoid metabolites. Following administration these 
radioactive compounds were found the livers normal and adrenalectomized 
mice (ACTH-treated and non-treated): tetrahydrocortisol; tetrahydrocorti- 
sone; Reichstein’s substance the epimer Reichstein’s substance 
Reichstein’s substance and cortisone. Remaining unidentified were 
several compounds other than those listed whose structures were established. 


CTH infusion (1) and surgical stress (2, have been shown raise 
the levels 17-hydroxycorticosteroids (17-OHCS) peripheral 
blood. now becoming evident that the mechanism ACTH action 
may not simple, uncomplicated stimulation the adrenal cortex, 
but may also involve influence some factor factors controlling 
the rate which corticoids and their metabolites are removed from blood 
and tissue. Firschein, al. (5) demonstrated not only increased amount 
radioactivity the blood and tissues stressed rats injected with 
but also decrease the rate disappearance radio- 
activity from blood and tissue. Elevated levels 17-OHCS have been 
observed dying patients coincidentally with very prolonged half-life 
free plasma 17-OHCS and one patient decreased glucuronide con- 
jugate formation (6). study Englert, al. (7) implicated the liver 
the control plasma concentrations 17-OHCS. vitro studies from 
this laboratory (8) demonstrated decreased capacity livers from 
stressed mice conjugate steroid metabolites when incubated with corti- 
inhibition conjugation was again observed when livers 
ACTH-treated, adrenalectomized mice were incubated with the radio- 
active cortisol. 
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The experiments described this paper were carried out whole 
animals, two groups which were adrenalectomized order demon- 
strate the extra-adrenal character some ACTH effects. 


MATERIAL AND METHODS 


Tissues studied these experiments were taken from adrenalectomized and intact 
female mice the strain. The average age the the time sacrifice was 
days. 

Those mice which were adrenalectomized were allowed recover from any effects 
the operation for 7-day period, the end which mice received 1.v. (Inter- 
national Unit) (ACTH preparation used) per day for days 
lative dose and another group adrenalectomized mice were injected with 
0.9% saline solution. The intact animals the control groups also got saline injec- 
tion. The injections were 0.25 ml. volume and were administered intraperitoneally. 


Aqueous Homogenate 


Acetone extraction 


Protein-Free Aqueous Solution 


Chloroform Extraction 


(extract times with equal 
volumes chloroform) 


Chloroform Fraction Aqueous Fraction 


Procedure for liver tissue fractionation. separate steroids from protein, 
acetone added the aqueous homogenate, the temperature this mixture raised 
45° and then the mixture filtered through filter paper. The filtrate acetone 
and water freed acetone evaporation under partial vacuum produce the pro- 
tein-free aqueous solution. 


After the last injection ACTH saline, hours were allowed elapse before 
tail vein injection was given. Then the animals were sacrificed 
groups mice, min., min., min., min., and 100 min. after administra- 
tion the radioactive steroid. 

The mice were killed spinal cord severance. Immediately after death, blood sam- 
ples were withdrawn from the heart. Then rapid succession livers, lymph nodes (axil- 
lary and inguinal), spleens, kidneys, and thymi were removed. After the organs were 
weighed, they were immediately frozen deep freeze (—12° and kept frozen until 
homogenized. 

Aqueous homogenates all tissues (except the blood) were prepared. The liver 
homogenates were fractionated according the scheme given Figure 

Aliquots blood, homogenates and and fractions from the liver were 
plated and counted gas flow thin window counter operating the Geiger range. The 
counts per minute (CPM) above background were corrected for mass absorption. 

The measurements amount radioactivity the blood and the aqueous 
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homogenates liver, thymus and kidneys were submitted statistical analysis. First, 
the data were expressed CPM/mg. dry tissue (relative activity) 
tion time. Zero time equalled the time injection. The curves for the 
disappearance radioactivity from these tissues could described the expected 
exponential functions, that the equations for the straight lines the semi-logarithmic 
plots were the form where: 


tissue dry weight 
minutes 

a=the ordinate intercept 

b=the slope the line 


Each disappearance curve was fitted the experimental data the method least 
squares.4 this method, the ordinate intercept and the slope the line can com- 
puted. The biological half-life can also computed from the statistically derived equa- 
tion. Regression coefficients were tested for significant differences between the groups 
animals the test. 

Total CPM both chloroform and water fractions were determined and ratios were 
taken between the activity which was present chioroform and that water the 
various time intervals. These ratios represented the chloroform soluble compounds vs. 
water soluble conjugates the liver. 

Decrease the ratio with time was power function which means that where: 


y=CPM soluble compounds/CPM water soluble compounds 
x=time minutes 

ordinate 

b=the slope the line 


The ratios were plotted graph paper which both the ordinate and the abscissa 
are marked off logarithmic scales. Then the curves were fitted the experimental 
data the method least squares. Analysis variance was used test for significant 
differences between the slopes the curves and between their ordinate intercepts. 

After aliquots the chloroform fraction were plated, the remaining portion each 
sample was prepared for chromatography the standard method. Zaffaroni chromato- 
graphic systems were used throughout (9). 

remove fat, the samples were overrun (mobile phase allowed drip from the 
paper) hexane-formamide for several hours. Preliminary separation the free steroids 
from the liver each animal was accomplished overnight run chloroform-form- 
amide. The mobile phase solvent which dropped from the end the papers during this 
procedure was collected beakers and later pooled for analysis. Those 
steroids remaining the paper were usually separated into four major zones (Fig. 2). 
The latter were traced out the strip Geiger counter previously described 
(10). typical tracing which shows the zones into which the chloroform fraction sep- 
arated and also the relative position each zone the paper presented Figure 

After addition known standard solutions (non-radioactive) suspected com- 
pounds, pools the major zones were chromatographed separate the components. 
The radioactive spots the paper chromatogram were again traced out the strip 
scanning equipment. (This procedure was routine after every chromatographic run.) 
Then the strips were examined under ultraviolet light detect any 


absorption 


principles this method are described Analysis Straight-Line Data 
Acton (J. Wiley Sons, New York, 1959). For example the adaptation this 
method power function see: Stover, Atherton and Keller: Radiation 
Research. 10: 130. 1959. 
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Tracing from strip counter showing radioactive zones found after initial 
chromatography minute liver chloroform fraction. 


spots, and TPTZ color test (9) was done when applicable. Acetylated and oxidized 
derivatives the detected radioactive steroids were prepared, using acetic anhydride 
and chromic trioxide (11). Acetates were run benzene-formamide and oxidized deriva- 
tives benzene-formamide hexane-benzene-formamide. 

Positive identification radioactive compound from the liver was established 
constant association radioactive peak with its absorption spot and/or its 
positive triphenyltetrazolium (TPTZ) reaction for the a-ketol side chain and more im- 
portant, the degree which ran consistently with the added 
through chemical modifications (oxidation and acetylation) and changes mobile phase 
chromatography. 


The had activity 4.21 millicuries per millimole. Since 100,000 
were administered, each mouse received cortisol. The cortisol 
Was injected volume 0.25 ml. which 0.20 was saline and 0.05 ml. was aleohol. 


RESULTS 


Disappearance Radioactivity (as dry wt.) from Blood and 
Tissue Homogenates 


The semilogarithmic plots the blood radioactivity disappearance 
curves show that adrenalectomized animals treated either with saline 
ACTH have consistently higher relative specific activities blood than 
intact controls; the ACTH animals have the highest levels. However, 
biological half life injected radioactivity blood not significantly 
altered the presence absence the adrenals, nor the pretreat- 
ment the animals with ACTH, (Table 1), since the regression coefficients 
not differ significantly from one group another. 

One the major target organs for the lymphocytokaryorrhectic effects 
adrenal steroids like cortisol the thymus. this tissue, regression 
coefficients for disappearance radioactivity thymi intact control 
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TABLE EQUATIONS LINES REPRESENTING DISAPPEARANCE RADIOACTIVITY 
FROM BLOOD, THYMUS, AND LIVER 


Adrenalectomized +Saline 34.0 


animals and the adrenalectomized—saline group are significantly differ- 
ent from the regression coefficient found for the adrenalectomized ACTH- 
treated group mice <0.01). The amounts radioactive compounds 
are highest and decrease the slowest rate the adrenalectomized 
ACTH-treated mice (Table 1). 

plot the liver relative specific activities vs. time 
shows pattern similar that for the thymus data, i.e., the regression 
coefficients and hence the biological half lives for the disappearance curves 
not differ significantly between normal, intact animals and those adre- 
nalectomized and treated with saline, although regression coefficient and 
biological half life are different <0.01) for the adrenalectomized ACTH- 
treated animals. Relative specific activity livers adrenalectomized 
ACTH-treated mice decreases rate which only about the 
rate decrease found for the other two groups mice (Table Fig. 3). 

The disappearance radioactivity vs. time for the kidney data shows 
that again blood, thymus and liver, the ACTH-treated, adrenalecto- 
mized mice maintain the highest levels radioactive steroids over the 
measured time period (Fig. 4). Also, the regression coefficients and hence 
half lives, were significantly different between adre- 
nalectomized ACTH-treated and the intact non-treated controls. There 
was significant difference between the regression coefficients the two 
adrenalectomized groups, however, demonstrating that apparently, the 
absence the adrenal, pretreatment with ACTH causes further 
crease the rate which steroids can removed from the kidney. 


Ratios Chloroform Extractable Compounds/Conjugated Steroids 
Liver 

The decrease with time the ratios chloroform extractable steroids 
conjugates the liver occurred roughly the same rates all three 
groups animals, since analysis variance showed that the slopes 
the three lines were not significantly different. However, the ordinate 
intercept the line representing the decrease the ratio the ACTH- 
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LIVER 
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Adrex 
Adrex Saline 
Intact } 


Minutes 


Regression lines for relative spe- 


activities the liver, after cortisol-4- 
infusion. 


treated group significantly greater =54.4) than the ordinate inter- 
cepts for the data from the other two groups. summarize, the ratios 
the chloroform extractable compounds conjugated steroids are con- 
sistently higher those animals which recieved ACTH, although the ratios 


_decrease with time similar rate all three groups (Table 2). 
Radioactivity the Liver. Per cent injected radioactivity homog- 


Regression lines and their equa- 
tions for relative specific activity the 


kidney. 


Cc. p.m 


enates whole liver shown Table and Figure shows the changes 
concentration conjugates the liver function time. During 


KIDNEYS 


GROUP OF ANIMALS | EQUATION OF LINE | BIOLOGICAL HALF LIFE (min ) 


Intact Controls 27.5 
Adrex Saline 35.0 
Adrex + ACTH 34.8 
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TABLE LINES REPRESENTING THE DECREASE THE RATIO BETWEEN 
FREE STEROIDS AND WATER SOLUBLE CONJUGATES THE LIVER 


Group animals Equation 


Adrenalectomized +Saline 


TABLE 


cortisol-4-C 
inject. 


Intact controls Adrex Intact controls Adrex +ACTH 


min. 30.8 29. 14.9 6.5 


min. 33. 14.4 
min. 3.3 7.6 4.0 

100 min. 14. 


the 15-minute period the livers both adrenalectomized, ACTH- 
treated animals and normals contain about one-third the injected radio- 
activity, with the livers the ACTH group reaching high about 40% 
injected radioactivity minutes. three minutes, the normal 
animals have two three times much conjugate their livers 
adrenalectomized animals and not until minutes that the concentra- 
tion conjugates becomes equal the various groups animals. 

Table also shows that the amount free cortisol (as determined 
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chromatography) the livers the adrenalectomized, ACTH-treated 
animals considerably less than livers the normals. 

The method identification radioactive steroids from liver paper 
chromatography was outlined above and the preparation homogenate 
for chromatography was shown Figure while Figure shows the 
separation the beginning material into the four major zones. 

Zone (1) contained the most highly polar compounds, which could have 
been the cortols, cortolones, and 68-hydroxy compounds. was 
available and 100 this compound were added zone which was 
then overrun chloroform-formamide for days. Utilizing method de- 
Cox (12), was found that had not separated from 
the other highly polar compounds the origin. After acetylation, the 
whole origin area was rerun chloroform-formamide the front and 
was thereby separated into areas. Two peaks occurred near the 
origin, while the third ran with the solvent front (similar triacetate). 

Zone (2) contained four cortisol metabolites, all which were identified. 
These metabolites were: 

Tetrahydrocortisol 

Reichstein’s substance 

The epimer Reichstein’s substance 

Tetrahydrocortisone 
Zone (2) was acetylated separate these four metabolites. 

cortisol-3,21-diacetate, which was then oxidizéd tetrahydrocortisone- 
3,21-diacetate and rechromatographed. 

Reichstein’s Substance Reichstein’s substance was acetylated 
which was then oxidized Reichstein’s 
U-20,21-diacetate and re- 
chromatographed. 

Reichstein’s Substance 20a. Acetylation Reichstein’s substance 
20a formed the diacetate. Oxidation yielded Reichstein’s U-20a,21-diace- 
tate which was rechromatographed. 

Tetrahydrocortisone. Tetrahydrocortisone was acetylated the 3,21- 
diacetate derivative and the chromatographic run carried out. The diace- 
tate was oxidized and rechromatographed different system. 

Zone (3) contained the unmetabolized cortisol. After some cortisol stand- 
ard was added zone was run chloroform-formamide the front. 
Subsequently the cortisol was acetylated the 21-monoacetate and re- 
chromatographed another system. 

Zone (4) was identified substance Reichstein. Chromatography 
unknown and standard chloroform-formamide the front, then ace- 
tylation Reichstein’s 20,21-diacetate and rechromatography ben- 
zene-formamide the front demonstrated that the radioactive peak did 
not separate from the added standard. 
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The pool mobile phase solvent which dripped from the strips during 
the separation chloroform fraction (Fig. into the four major zones 
(Fig. was found contain cortisone. Standard cortisone was added 
the pooled solvent which was then run chloroform-formamide the 
front, vielding radioactive peak associated with the added standard. 
After elution, the radioactive area was divided into two portions. One por- 
tion was oxidized, giving 4-androstene-3,11,17-trione which was chromato- 
graphed the front and the other portion was 
the cortisone, then overrun benzene- 
formamide for hours. All these procedures indicated that the unknown 
was single compound which ran all cases like the added standard. 
Compounds identified: 


Zone (1) very highly polar compounds, not completely identified, prob- 
ably the cortol and cortolone type, 68-hydroxy com- 
pounds. 

Zone (2) tetrahydrocortisol 
Reichstein’s 

20a 
tetrahydrocortisone 

Zone (3) cortisol 

Zone (4) substance Reichstein 

Pooled solvent which dripped from the strips: cortisone 


The relative amounts each the identified cortisol metabolites and 


the amounts conjugate glucuronide are the process being deter- 
mined. 


DISCUSSION 


Radioactivity the blood 


ACTH and stress have been shown raise the levels 
OHCS (measured Porter-Silber chromagen, i.e. steroids with dihy- 
droxy ketone side chain C-17) and delay the disappearance 17- 
OHCS from the plasma. Kuipers, al. (13) gave mg. cortisol intra- 
venously dogs and found that subsequent injection ACTH 
produced marked prolongation half-life plasma 17-OHCS. Firschein, 
al. (5) stressed rats, then injected one hour later. Semi- 
plots their data CPM/gm. plasma dry weight vs. time 
showed that radioactive steroid disappeared more slowly from plasma 
stressed animals than from normal plasma. Dougherty and Berliner (14) 
demonstrated that adrenalectomized mice given I.U. ACTH im- 
mediately followed cortisol injection, that the half-life radioactive 
steroid and its metabolites was increased over that control, adrenalecto- 
mized animals. 


Our experiments showed increased level blood radioactivity under 


j 
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the influence ACTH. The half-life radioactive compounds was not 
lengthened the two adrenalectomized groups compared the normal, 
intact control group, but should kept mind that the animals which 
received ACTH these experiments were pretreated with corticotropin 
for days before they were injected with the radioactive steroid. 

the absence the adrenals, increase the administered steroid 
blood must explained some action ACTH extra-adrenal tissues. 
Previous work has demonstrated the ability extra-hepatic tissue 
metabolize cortisol. Cultured uterine fibroblasts grown medium con- 
taining could form Reichstein’s substance Reichstein’s 
substance and possibly (15). Eviscerated 
rats with ligated renal vessels could convert Reichstein’s 
substance Reichstein’s substance dihydrocortisol and perhaps 
(16). ACTH may inhibiting the enzymes 
which carry out these steroid conversions either directly inhibiting the 
enzymes limiting the amounts and/or availability cofactors pres- 
ent. 


Radioactive compounds the liver 


results describe higher than normal content radioactive com- 
pounds the liver both adrenalectomized groups and furthermore 
radioactivity disappeared much more slowly from the livers those ani- 
mals which were ACTH-treated. Amounts metabolite livers ACTH- 
treated mice are greater than the amounts found livers intact controls 
(Table 3), but the intact controls convert more metabolite conjugate 
since cholorform soluble compounds/water soluble compounds was always 
significantly lower for livers from intact controls than for livers from 
adrenalectomized mice. 

Other workers have shown that the liver can influence blood level and 
rate removal 17-OHCS from blood. Englert, al. (7) found that tetra- 
hydrocortisone was more readily conjugated than tetrahydrocortisol 
human liver. Gold, al. (17) observed that the urinary ratio tetrahydro- 
cortisol tetrahydrocortisone raised when humans are stressed in- 
jected with ACTH. ACTH may reducing the quantity conjugated 
compounds our animals mechanism favoring the production 
tetrahydrocortisol over that tetrahydrocortisone. 

Recirculation unconjugated metabolites might account for the high 
blood levels radioactive compounds. has been demonstrated Weich- 
selbaum and Margraf (18) that even tetrahydrocortisone can exist nor- 
mal blood the free (unconjugated) compound. 

vitro studies (to published) with liver from adrenalectomized and 
ACTH-treated rats and mice demonstrated the inhibition conjugation 
cortisol, corticosterone and tetrahydro keto-progesterone ACTH. 
Since tetrahydro keto-progesterone ring reduced compound known 
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undergo conjugation, would appear that conjugation inhibited be- 
cause the tetrahydro compound cannot couple with the acid component 
readily when ACTH absent. However, the possibility not eliminated 
that the whole animal the transformation the dihydro compound 
lessened under the influence ACTH, although dihydro compounds 
were identified metabolites cortisol the free steroid fraction mouse 
liver our experiments. 

Another possible explanation for reduced conjugate formation could 
given Reid (19), who reported that weeks after adrenalectomy the 
uridine nucleotides, including UDPGA are decreased rat liver. this 
time endogenous ACTH high (20). 

Radioactivity the kidney 

The relative specific activity kidney followed the same general pattern 
seen blood, thymus and liver—the adrenalectomized, ACTH-treated 
animals had the highest relative activities followed adrenalec- 
tomized, saline-treated animals, and the intact controls showed the lowest 
tissue dry weight. the kidney, however, unlike the thymus 
and the liver, the regression coefficients were not different for adrenalec- 
tomized, ACTH-treated and adrenalectomized, saline-treated but both 
adrenalectomized groups lost radioactivity from kidneys rate signifi- 
lower than that for normal controls. These data indicate that 
least under our experimental conditions the endogenous ACTH present 
the adrenalectomized saline-treated mice was sufficient lower less 
than normal the rate which relative activity decreased kidney 
tissue, since pretreatment the other group adrenalectomized animals 
with ACTH did not further reduce the rate decrease relative specific 
activity. Sandberg and Slaunwhite (21) have suggested that Addisonians 
the higher plasma radioactivity found after injection may 
due slower excretion steroids these patients, due reduced glomer- 
ular filtration the glucuronide fraction, and thus may that high 
endogenous levels ACTH have some limited effect steroid excretion 
the kidney. 

Ganis, al. (22) have reported the metabolism cortisol bovine 
kidney homogenates. These authors identified Reichstein’s substance 
4-androstene-3,11,17-trione, and cortisone 
the free steroid fraction. Unpublished observations from our laboratory 
show that kidney minces are capable forming glucuronides from tetrahy- 
dro corticoid metabolites. could that ACTH influencing metabolism 
kidney well thymus and liver. The liver seems the organ where 
ACTH could have the greatest effect steroid metabolism however, since 
appears capable carrying out greater variety steroid inter- 
conversions and Nose and Lipmann (23) have shown that kidney and 
intestine not contain steroid sulfokinase, while the liver does. 

Blair and Morgen, quoted other workers (24) have observed de- 
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crease the conjugation steroids adrenalectomized patients after 
ACTH administration. 


(25, 26): cholesterol reticuloendothelial cells (27); and 


Other extra-adrenal effects ACTH have been demonstrated: 


nitrogen retaining effect (28). 
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ESTROGEN ANTAGONISMS: THE EFFECTS VARIOUS 
STEROIDS ESTRONE-INDUCED UTERINE 
GROWTH SPAYED RATS 


Division Biological Research, Searle and Co., Chicago, 


ABSTRACT 
Progesterone inhibits the uterine growth produced estrone rats spayed 
days age; this antagonism apparent only intermediate response 
levels, produced estrone doses 0.3 DCA only inhibited the re- 
sponse produced estrone. Previous studies also indicated that the 
uterine response produced estrone 1-3 was most sensitive blockage 
testosterone estriol. This appears example other steroid 
hormones acting estrone critical physiological levels. The uterine 
growth produced estrone rats spayed 100 days age was in- 
hibited progesterone and DCA, cortisone acetate, and aug- 
mented estriol and testosterone propionate. 


VER the past several vears have tried gain insight into the 

problem hormonal interactions studying mixtures estrogen 
with representative natural steroids that might involved with estrogens 
the control sexual development and cycles. Generally estrone was 
employed and the modification its the simultaneous adminis- 
tration other steroids was examined. The effects uterine growth 
rats estrone and either estriol 16-epiestriol (1) and the three pri- 
mary natural estrogens (estrone, estradiol-178 estriol) and testosterone 
propionate were described (2, 3). Also the activities mixtures estriol 
and progesterone have been examined (4). The effects progesterone and 
desoxycorticosterone acetate (DCA) the uterine growth stimulated 
estrone rats spayed prepuberally are described here, well the re- 
sults experiment that examined the effects various steroids 
uterine growth rats spayed adults. The latter experiment was designed 
resolve certain conflicts between results reported from this laboratory 
and those described Velardo and his associates (5, 6). consideration 
possible causes these differences, age rats spaying seemed criti- 


eal (3). 


MATERIAL AND METHODS 


None the methods employed here differed significantly from those earlier 
studies. Sprague-Dawley rats were spayed 100 days age and allowed about 
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days for recovery from the operation and for uterine regression after which treatment 
was begun. All injections were subcutaneous, with dosages contained 0.1 corn oil. 
All animals were treated for three days and killed with chloroform hours after the 


final injection. autopsy the uteri were removed, cleaned and weighed wet torsion 
balance. 


Logarithms the uterine weights were used for statistical analyses. Variability 
this test roughly proportional the mean each group (1) and Tukey’s test for non- 
additivity (7) showed the log transformation more satisfactory than the uterine 
weight itself. analysis variance was carried out for each experiment and the results 
used compute least significant differences (at the level). 


RESULTS 


Estrone-Progesterone Mixtures. this experiment dose-response curve 
for estrone was obtained evaluating its uterine growth effects doses 
0.1, 0.3, 1.0, 3.0, 10.0, and 30.0 Simultaneously, the same doses were 
studied combination with progesterone 100, 1000 3000 The 
progesterone doses were also tested alone and oil control group was in- 
cluded. These groups, four rats each, formed single unit the ex- 
periment and three replicates were performed, making total rats 
each dose level combination. Variability uterine weight these rats 
was estimated from the following analysis variance (Anova): 


Term Degrees freedom Mean square 
Between Weeks 0.0019 
Treatments 0.4715 28.2 =0.4715/0.0167 


Residual 238 


From this analysis and the estimated standard deviation (s= +0.129 
log units) the least significant difference between means rats was 
estimated +0.105 log units. According this criterion the mean re- 
sponses several groups that received mixtures estrone and progesterone 
were significantly smaller than means for comparable estrone-treated 
groups. One hundred micrograms progesterone significantly depressed 
the response 0.3, 1.0, and 3.0 estrone; 1000 progesterone de- 
pressed the response and but not estrone (Fig. 1). 
Three thousand micrograms progesterone were not inhibitory. Thus 
low moderate doses progesterone will depress the response estrone 
doses that produce intermediate levels uterine growth. 

Estrone again was studied doses 0.1, 0.3, 1.0, 3.0, 
10.0, and 30.0 both itself and combination with DCA 10, 100, 
1000 The DCA itself was tested these three doses and oil-treated 
group was included. Each group contained four animals and four identical 
replicates completed the design. Variability was estimated from the follow- 
ing Anova based upon the log transformation: 
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Term Degrees freedom Mean square 
Treatments 0.8462 114.4 =0.8462/0.0074 
Residual 336 


The standard deviation was estimated +0.086 log units and the least 
significant difference between means rats was estimated +0.0598 
log units. The point representing estrone plus DCA 1000 was 
significantly lower than the estrone-alone point for (Fig. 2). However, 
since points were compared the estrone dose-response curve, not 
unlikely that one point should have deviated significantly from the stand- 
ard value. 

Plus Various Steroids Older Rats. Variation this experiment 
was estimated the following Anova: 


Term Degrees freedom Mean square 
Treatments 0.1463 
Residual 104 0.0043 =s? 

200 

180 

160 

100 

3000 
1000 
100 

Oil 

0.3 1.0 3.0 10.0 30.0 


Dose Estrone 


The combinations estrone and progesterone the uterine growth 
spayed, immature rats. The line bordered the stippled zone indicates the responses 
rats estrone alone, and the stippled area represents the significant 
band for this dose-response curve. The circles indicate the responses mixtures 
estrone and progesterone 100 half-circles, estrone and progesterone 1000 
dots, estrone and progesterone 3000 wg. The horizontal lines indicate responses oil 
control and groups rats that received progesterone 100, 1000 3000 Each 
point, including those along the estrone-alone curve and those for oil and progesterone, 
the mean groups rats each total rats. Any point falling outside the 
stippled zone represents response that significantly different (at the level) from 
that estrone alone the same dose. Both ordinate and abscissa are log 
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100 
] 
DCA 
DCA 


Dose of Estrone (yg) 

The effects combinations estrone and desoxycorticosterone acetate (DCA) 
upon uterine growth spayed, immature rats. For details see caption for Fig. The 
indicate the responses mixtures estrone and DCA es- 
trone and DCA 100 and dots, estrone and DCA 1000 Each point the mean 
groups rats each total rats. Any point falling outside the stippled 
area represents response that significantly different from estrone alone the 
same dose. 


From the standard deviation (s= +0.066 log units) the least 
significant difference between means was estimated approximately 
log units. Two micrograms estrone produced slight, but signifi- 
cant growth the uterus. The addition testosterone propionate pro- 
duced significant augmentation doses 300 and 1000 ug, whereas, 100 


had effect. Cortisone acetate had effect. Progeste- 


400 
Estriol 
350 Estrone 
Propionate The effects various steroid 
Est. . . 
growth rats that had been spayed 
100-days age. With the the 
oil-treated group each rat received 
estrone daily for days. The stippled area 
e . 
band for the estrone dose, and any group 
falling outside this band significantly 
150 different (5%) from the estrone-treated 
group. Each point represents the mean 
120 Estrone Estrote 


10 


100 1000 


Cose of Added Steroid (yg) 
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rone significantly inhibited the estrone-stimulated response doses 300 

and 1000 DCA inhibited this uterine growth dose 300 

the higher doses (1000 and 3000 did not have any effect. Although the 

actual uterine weights for certain these inhibited groups fell below the 

level the oil controls, none was significantly different. The two higher 

doses estriol (100 and 1000 significantly increased the response. 
DISCUSSION 

The attempt resolve the differences between our conclusions and those 
Velardo and his associates was not entirely successful. chose the 
dose estrone because the considerable increment growth they 
obtained with doses this magnitude. The slight uterine growth produced 
our study suggests major difference responsiveness between Sprague- 
Dawley and Charles River rats. Both testosterone propionate and estriol 
gave augmentation the response rather than inhibition. Progesterone 
and low doses DCA inhibited the response. High doses DCA produce 
uterine growth perhaps accounting for the absence inhibition. Al- 
though these results show some differences response between rats spayed 
100 days age and the younger animals usually this labora- 
tory, this experiment does not show the patterns inhibition estrone 
reported Velardo for (8). Therefore, age animals cannot 
entirely account for the discrepancies discussed previously (3). 

The first two experiments presented this paper appear confirm the 
conclusions from previous studies, estrogen-induced growth the 
uterus young rats may inhibited other steroids, but this 
inhibition apparent only over narrow range doses. The estrone- 
progesterone study particularly clear this respect. The lower dose 
progesterone produced significant inhibition estrone intermediate 
levels (0.3 the higher and lower doses estrone were not affected 
significantly the progesterone. DCA did not have much effect upon 
estrone-induced uterine growth, although some inhibition the response 
estrone was suggested the data. Previous studies are also in- 
only) whereas higher and lower estrone-doses were not affected, and 16- 
epiestriol inhibited only the response the 1.0 dose (1). have been 
able inhibit uterine growth rats with testosterone propionate only 
with the combination estrone plus 100 (3). Thus every 
‘ase which have found another steroid inhibit the effects estrone, 
the estrone was blocked intermediate levels, particularly and ug. 
The consistency this pattern suggests that the significant inhibition 
reported above estrone 1000 progesterone was spurious 
and strengthens the statistical argument for the estrone-DCA test. These 
data would seem keeping with the concept steroid buffering. 
How the effects exogenous hormone are phenomena occurring 
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naturally animals obscure, but very low and very high hormone doses, 
producing little and maximal responses respectively, probably are un- 
physiological. Thus the doses that are most analogous natural, endo- 
genous hormone levels are presumably the intermediate doses that produce 
intermediate responses, and these are the levels that are subject steroid 
inhibition. The hypothesis steroid buffering (1, assumes that these 
intermediate responses most closely represent normal uterine growth. The 
following components constitute the simplified buffering model: 

When the primary estrogen (e.g., estrone) falls below titres necessary 
maintain normal uterine growth, secondary estrogens (e.g., estriol) and 
androgens (e.g., testosterone) maintain the uterus levels within normal 
limits. 

When the primary estrogen begins rise toward excessive levels, 
producing responses above functional limits, secondary estrogens, andro- 
gens, progestins (e.g., progesterone) and corticoids (e.g., desoxycortico- 
sterone) inhibit the estrogen action, again maintaining normal uterine 
function. 

interesting that four materials moderated the effect rising estrogen 
titres, whereas only two augmented the response low levels. 

Weare led the conclusion that maintenance normal uterine function 
the result concerted action variety hormones augmenting 
inhibiting one another the manner chemically buffered system. 
this conclusion seem general agreement with Velardo and his 
associates (8), differing only particular details. 
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ESTROGEN ANTAGONISMS: FURTHER REMARKS 
TEMPORAL ASPECTS STEROID BLOCK 
ESTROGEN-INDUCED VAGINAL SMEAR 
CHANGES MICE 


RICHARD EDGREN! 
Division Biological Research, Searle and Co., Chicago, 


ABSTRACT 


contrast studies rats, the vaginal effects single dose estrone 
not appear prolonged mice the simultaneous administration 
progesterone. fact, 1000 dose progesterone will antagonize 
estrone when both are given simultaneously single injection. Testosterone 
propionate and perhaps desoxycorticosterone acetate block estrone under the 
same conditions. When the same total doses these materials are given four 
daily injections, each the blockers estrone antagonist. However, when 
the materials are given two daily injections only testosterone antagonizes 
the estrone; desoxycorticosterone and progesterone are ineffective. obvious 
simple explanation these effects presents itself. 


temporal aspects steroid blockage estrone-induced vaginal 

effects mice and rats have been the subject recent series 
papers from this laboratory (mice: rats: 6). Experiments with 
both rats and mice had shown that when estrone and blocker (progesterone, 
testosterone desoxycorticosterone) were administered daily for four days, 
the estrogenic response was inhibited (2, 5). the other hand, when estro- 
gen and blocker were given for two days the response was not 
affected progesterone desoxycorticosterone, contrast testo- 
sterone (1, 4). the mice estrone and estriol appeared have the same 
pattern temporal relationships with the blockers (3). One the most 
unexpected results that has emerged from this series studies was the 
observation that single dose progesterone given rats the same time 
estrone would prolong the effects the estrogen (6). This study, which 
confirmed similar results Maekawa (7) and Maekawa, Ito and Ikeda (8), 
also showed that estriol-induced changes were not prolonged progester- 
one and that neither testosterone, desoxycorticosterone nor cortisone ex- 
tended the duration effect estrone (6). The work reported here 
was initiated the hope quantifying estrogen-duration effects pro- 
gesterone administration mice. 
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MATERIALS AND METHODS 


The methods employed here have been described detail earlier papers (1, 3). 
recapitulate: spayed mice were maintained colony and were selected weekly for 
testing. the present series experiments, each mouse received single 
injection 0.1 ml. corn oil solution containing estrone. When second steroid 
was administered was mixed solution with estrone and single injection con- 
taining both materials 0.1 ml. corn oil was given. 

Two separate experimental designs are reported. the first, the duration 
activity the estrone, given alone, was compared with the duration the estrone ad- 
ministered with various doses progesterone. This was accomplished examining 
vaginal smears taken from each mouse 24-hour intervals starting hours after injec- 
tion the steroids, and continuing until the estrone-treated animals had returned the 
castrate condition. 

the second design, vaginal smears were taken from each mouse the afternoon 
the day after injection. Animals that had positive vaginal smears were returned the 
colony, whereas second smear was taken the next morning from those that had been 
negative. The temporal relationships between injection and smearing were the same 
this experiment those between smearing and the final injection the series injec- 
tions described earlier papers (1, 3). One positive smear gave particular mouse 
positive score, and the results were pooled from the 32- and 48-hour smears. Blockers 
were administered total dose 1000 

The vaginal smears were considered positive leukocytes were present (9). Statis- 
tical was determined from the four-fold contingency test tables Mainland 
and Murray (10). 


RESULTS AND DISCUSSION 

these mice there was evidence that progesterone prolonged the 
vaginal response estrone (Table 1). 48, and hours the dose 
estrone produced response that remained essentially unchanged 
level positive. The addition the lower three doses proges- 
terone (30, 100, 300 ug) did not significantly affect this estrogenic temporal 
pattern. The highest dose progesterone (1000 caused significant 
inhibition the response all three days. After hours the smears 
showed rapid return the castrate condition. This absence proges- 


TABLE THE EFFECTS VARIOUS DOSES PROGESTERONE THE DURATION THE 
VAGINAL RESPONSE PRODUCED ESTRONE 
All compounds and mixtures given single injection 


positive smears 
Dose 


Time (hours after injection) 


Significantly different from estrone-treated group level. 
Significantly different from estrone-treated group level. 
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terone-induced increase duration the vaginal response estrone 
marked contrast our own rat studies (6). The most immediate conclusion 
that presents itself that this represents difference between 
rats and mice, perhaps involving detoxification sites for estrogens. the 
other hand, one must consider that estrone the mice was rela- 
tively more effective dose than the given the rats; the observed 
response duration the mice was hours whereas was hours the 
rats. Perhaps this longer duration estrone effect the mice masked the 
prolongation that would have been obvious lower dose levels. This does 
not seem entirely reasonable, since Maekawa (7) employed high estrone 
doses and administration schedules that gave high vaginal indices for 
days more. 

The blockade estrone progesterone this test was unexpected; 
earlier studies had suggested that the vaginal effects estrone were blocked 


THE EFFECTS 1000 PROGESTERONE, DESOXYCORTICOSTERONE ACETATE 
TESTOSTERONE PROPIONATE VAGINAL SMEAR CHANGES PRODUCED ESTRONE 
These total doses steroids were administered single injection hours before the 
first smear. Mice that had failed respond the estrogen the time the smear were 
reexamined the following morning. 


Dose Number positive 


Significant from estrone-treated group the level. 


progesterone long-term, but not short-term tests (1, 2). Since the 
experimental protocol employed was different from that for the earlier 
studies, the second series experiments was designed obtain comparable 
data. 1000 progesterone, testosterone propionate (TP) blocked the 
vaginal effects estrone (Table 2). The addition desoxycorticos- 
terone acetate failed produce statistically significant reduction the 
response, although the actual reduction was borderline significance, and 
was probably biologically meaningful. 

direct comparison these data with those from the earlier papers 
particular interest (Table 3). each experiment the estrone was given 
total dose and the blocker, whether was testosterone propionate, 
progesterone desoxycorticosterone acetate, was injected total does 
1000 simultaneously with the estrone. given days 
and produced positive responses about 90% the mice. The addition 
any the possible antagonists resulted significant decrease pro- 
portion positive responses (2). When the estrone was given only days 
and appeared have somewhat lesser effect; the experiments 
employing DCA and antagonists only about the rats showed 
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TABLE COMPARISON THE EFFECTS 1000 DOSES DESOXYCORTI- 
COSTERONE ACETATE, TESTOSTERONE PROPIONATE PROGESTERONE 


The tests differed the proportion material injected each day. Pairs responses con- 
tained each box are significantly different, least the level. Blocker. 


Day injection 


Blocker 
| | | 
E+B E+B E+B E+B 
E+B 


Data from 
Data from 


positive responses, whereas was obtained the progesterone experi- 
ment. Only testosterone produced block this response. Estrone day 
only gave 78% positive responses, which was significantly inhibited 
progesterone and testosterone. view these data early attempt 
explaining temporal modalities steroid block estrogen-induced vaginal 


changes (2) seems naive, but simple explanation presents itself. 
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GLYCOGEN THE UTERUS ALLOXAN- 
DIABETIC 


RICHARD SWIGART, LAWRENCE GOLDBERG? 
AND WILLIAM ATKINSON 


Department Anatomy, University Louisville School Medicine, Louisville, Kentucky 


ABSTRACT 


The effect estrogen the concentration was determined 
tissue samples from the uterus, liver, diaphragm and urinary bladder spayed, 
alloxan-diabetic rats. 

Uterine glycogen was significantly increased the animals. 
Furthermore, uterine glycogen was significantly higher the estrogen-treated 
rats than was after either alloxan treatment estrogen 
treatment alone. These increases appeared related the elevated blood 
sugar. The glycogen content the urinary bladder was not altered. 


IGNIFICANT variations the uterine glycogen content the rat 

during the estrous cycle were first shown Boettiger (1). This in- 
vestigator also observed that when estrogen was injected into the ovariec- 
tomized rat induced the deposition glycogen the uterus. and 
Atkinson (2) demonstrated that the glycogen the uterus normal 
and estrogen-treated ovariectomized rats more heavily concentrated 
the myometrium than the endometrium occurs the uterus 
primates (3). Kostyo (4) studied the effect several other steroids 
uterine glycogen the ovariectomized rat. found that testosterone and 
desoxycorticosterone induced the deposition uterine glycogen. Cortisone, 
cortisol, 11-desoxycortisol and pregnenolene, the other hand, failed 
show any effect. 

number experimental procedures have been performed study their 
effects upon the deposition uterine glycogen the estrogen-treated 
ovariectomized rat. The procedures which have failed alter the quantity 
glycogen deposited are hypophysectomy (5), adrenalectomy (5, 6), fast- 
ing (2, 6), hypophysectomy and fasting concurrently (7), the subcutaneous 
injection adrenalin (6, 8), and the subcutaneous injection cortisone 
and cortisol (9). the other hand, the subcutaneous injection relaxin 
increased the quantity glycogen deposited (9), whereas intraperitoneal 
injection posterior pituitary extract (8), epinephrine (8), and corti- 
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sone and epinephrine concurrently (4), decreased the quantity glycogen 
deposited the estrogen-treated ovariectomized animal. 

The present study was undertaken determine whether alloxan dia- 
betes, with its elevated blood sugar, has any effect upon the 
uterine glycogen content the untreated and estrogen-treated ovariecto- 
mized rat. Furthermore, the glycogen content the urinary bladder was 
determined. This afforded opportunity compare the values obtained 
for the uterus with those organ outside the female reproductive 
system possessing comparable amount smooth muscle. Finally, samples 
the liver and diaphragm were analyzed substantiate further the state 
diabetes indicated the high blood sugar levels occurring nonstarved 
animals following treatment with alloxan. 


METHODS AND MATERIALS 


Female albino rats the Wistar strain, 55-60 days age and weighing between 150 
and 175 grams, were bilaterally ovariectomized. Following 10-day 
the animals were randomized into four groups follows: (1) twelve animals served 
controls and received further treatment before being sacrificed; (2) twelve animals 
were injected subcutaneously with estradiol benzoate and sacrificed hours 
later; (3) ten animals were injected with 175 mg. alloxan/kg. body 
weight and sacrificed days later; (4) ten animals were injected subeutaneously with 
175 mg. alloxan/kg. body weight and days later were injected subeutaneously with 
estradiol benzoate and sacrificed after hours. The blood glucose was deter- 
mined all alloxan-treated animals the third day after alloxan injection. the 
levels blood glucose were determined all animals day they were 
The blood was obtained clipping the tail each rat while under light ether anesthesia. 
The blood was deproteinized according the micro-procedure Somogyi (10) and its 
glucose content determined the method Nelson (11). After blood was taken the 
final day, sufficient time (usually hours) was allowed elapse for the animals 
recover from the ether anesthesia which they had been exposed. The animals were 
then killed blow the occiput, followed decapitation. Tissue samples from the 
right and left horns the uterus, liver, diaphragm and the urinary bladder were quickly 
removed and frozen wells drilled 3/4 aluminum plate which was packed 
powdered dry ice. The samples were weighed the frozen state and then lyophilized. 
The dried tissues were digested with 30% KOH. The glycogen was precipitated and hy- 
drolyzed the method Walaas and Walaas (12). The final 
trations the were determined the Nelson method. 


RESULTS AND DISCUSSION 


The average values for blood sugar, uterine glycogen and urinary bladder 
glycogen for the four experimental groups are shown Figure Glycogen 
concentrations were determined both horns the uterus each animal. 
Since the values from the two horns were not significantly different, these 
data have been combined. the untreated control animals the blood glu- 
cose and uterine glycogen values compare favorably with those obtained 
previous authors (8, 13). Values for urinary bladder glycogen, however, 
have not been found the literature. From Figure may seen that 
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Blood glucose, uterine glycogen and urinary bladder glycogen control, 
estrogen-treated, alloxan-diabetic, and estrogen-treated alloxan-diabetic rats following 
ovariectomy. The vertical lines the tops the bars indicate the standard deviation. 


the estrogen-treated animals the blood sugar and urinary bladder glycogen 
were not significantly different from the levels present the untreated 
rats. The increase uterine glycogen reported previous investigators 
(1, was confirmed. the alloxan-diabetic rats the blood glucose was 
quite high. The glycogen the urinary bladder remained unchanged while 
the glycogen content the uterus increased significantly. Finally, the 
estrogen-treated alloxan-diabetic rats high blood glucose was also ob- 
served and the urinary bladder glycogen was still unchanged from the con- 
trol value. However, the uterine glycogen content was significantly higher 
than either the estrogen-treated animals. The prob- 
abilities the differences found between the uterine glycogen contents 
the untreated and estrogen-treated animals, the untreated and alloxan- 
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diabetic animals, the estrogen-treated and estrogen-treated alloxan- 
diabetic animals, and the alloxan-diabetic and estrogen-treated alloxan- 
diabetic animals being due chance were calculated and the values were 
less than .001 all instances. 

Liver and skeletal muscle normally contain relatively high concentrations 
glycogen, but the amount present depleted diabetes when blood in- 
sulin levels fall. generally agreed that insulin necessary for the up- 
take glucose hepatic and skeletal muscle cells, though the mode 
action controversial. the other hand, the present experiments dem- 
onstrated that the glycogen content the smooth muscle the uterus was 
increased alloxan-diabetic animals which the blood glucose was ele- 
vated and the liver and skeletal muscle glycogen content had fallen. 
would seem from these observations that insulin (at least concentrations 
necessary maintain liver glycogen) not necessary for the uptake 
glucose the smooth muscle the uterus, but rather that the uterine 
glycogen content related directly the blood sugar level. This further 
substantiated the finding that the uterine glycogen content signifi- 
cantly higher estrogen-treated alloxan-diabetic rats than estrogen- 
treated animals without diabetes. not meant imply that insulin has 
effect the uptake blood glucose the myometrium. This, fact, 
has not been tested the present experiment. can only concluded 
that the glycogen content the myometrium related some way the 
concentration glucose available the blood. 
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CHARACTERIZATION THE ANTERIOR PITUITARY 
FACTOR WHICH ANTAGONIZES 


MARION WOODS MIRIAM SIMPSON 


The University California, Institute Experimental Biology, Berkeley, 
and the Department Anatomy, San Francisco, California 


ABSTRACT 

The anterior pituitary contains substance (or substances), tentatively 
called the which, intraperitoneal administration, reduces the 
ovarian response simultaneously administered gonadotrophins. During 
purification anterior pituitary hormones this factor has most consistently 
been associated with the gonadotrophic fractions and particular with the 
interstitial cell stimulating hormone (ICSH). Evidence here presented which 
indicates that antagonism not, however, intrinsic property sheep 
ICSH but due undetermined substance which follows closely during 
purification and still present preparations ICSH with minimal effec- 
tive dose ug. The properties partially purified 
follicle stimulating hormone (FSH) have been shown disappear con- 
tinued purification. 


HAS been demonstrated that certain pituitary extracts.can prevent 

depress the ovarian response immature rats various 
stimuli, including the gonadotrophic stimulus the animal’s own pituitary 
extracts implants anterior lobe human chorionic gonado- 
trophin pregnant mare serum (7, human menopausal hormone 
(12) and (partially purified) pituitary gonadotrophins (4, 
This phenomenon antagonism has been characterized less ovarian 
development than that given the gonadotrophic stimulus alone and has 
frequently been accompanied increased luteinization and follicular 
atresia, and less evidence estrogen secretion, indicated reduced 
uterine and vaginal responses. has been noted that the route injection 
(intraperitoneal intravenous) was great importance demonstration 
the phenomenon antagonism (7, 14). improbable that antago- 
nism considered due antihormone formation, since the duration 
the test brief (72 120 hours). 

The principle has been reported present with several 
the partially purified anterior pituitary hormones: growth hormone (3, 15), 
interstitial cell stimulating hormone (ICSH) luteinizing hormone (LH) 
(8, 11, 16, 17), and follicle stimulating hormone (FSH) (11, 14). non- 
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pituitary gonadotrophin has been found have prop- 
erties (8, 10), and non-pituitary tissue source has been reported. That 
antagonism not due the growth hormone growth promoting ex- 
tracts was first demonstrated Leonard (4) and, though found the 
antagonistic factor associated with fractions, concluded that 
was probably not the antagonist since from horse pituitary was not 
effective antagonist (8). Fevold and Fiske (18), considering the 
reduced ovarian weights associated with the luteinization following estrogen 
injection, concluded that the phenomenon antagonism attributable 
either itself secretion antagonistic factor the pituitary 
under the influence estrogen. Fraenkel-Conrat al. (11) found that the 
most highly purified FSH and ICSH preparations then available were both 
exerting antagonism. The phenomenon has either not been dem- 
onstrated has not been investigated adult female rats (9). Antagonism 
readily demonstrable the absence the pituitary (2, 9-12, 14, 17). 
Fraenkel-Conrat al. (11, 12) could not, however, demonstrate antagonism 
their most purified sheep ICSH preparations hypophysectomized 
female rats. 

Antagonism the male has not been effectively demonstrated. The few 

observations which could interpreted showing antagonism must 
considered relation the injurious effect exerted posterior lobe prin- 
ciple the testis (2, 19, 20, 21). 
The purpose the present investigation was analyze the phenomenon 
antagonism normal and hypophysectomized immature female rats, 
using FSH and ICSH greater purity than had previously been utilized 
such studies. 


METHODS AND MATERIALS 


Bioassay Procedure: Normal immature female rats the Long-Evans strain, weigh- 
ing grams and days age, were injected subcutaneously, once daily for four 
days, with the primary stimulus. Simultaneous daily injections the sub- 
stance being tested for antagonism were given intraperitoneally. minimum six rats 
per experimental group was used and all critical assays were redetermined repeatedly. 
The hormonal preparations were administered solutions 0.9% NaCl. Autopsy 
was performed hours after the first four daily injections. The primary gonado- 
trophic stimulus utilized most frequently normal immature recipients was human 
chorionic gonadotrophin (HCG). uterine unit antagonism was determined 
that dose, series graded doses, which produced 50% inhibition the uterine 
weight caused the stimulus HCG given alone. ovarian 
unit antagonism was the dose which caused 50% inhibition the ovarian weight 
produced HCG alone. Determination the dosage which produced 50% 
ovarian and uterine inhibition was made interpolation from plots log-dosage 
against per cent reduction organ weight, such curves being based three more 
points. endpoint 50% reduction weight was adopted more rigorous test for 
antagonism than the 25% reduction adopted previous studies (10, 11). HCG, rather 
than equine serum gonadotrophin (PMS), was adopted the primary stimulus for use 
normal animals, since the organ weights resulting from its use were less variable. (The 
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higher unitage HCG was chosen for determination the ovarian unit since ovarian 
weight increases animals receiving HCG were too small and erratic 
basis for the other hand, the uteri animals receiving HCG 
were usually greatly stimulated that the antagonism phenomenon was obscured.) 

female rats. order analyze the phenomenon antagonism 
the absence the pituitary, female rats, days age, weighing 
grams, were hypophysectomized and observed for completeness hypophysectomy 
during seven days before injections were started. autopsy the completeness the 
hypophysectomy was confirmed the usual careful examination the pituitary site 
and, where indicated, histological examination pituitary target organs. The injec- 
tion schedule already described for recipients was followed without variation. 
Histological confirmation ovarian changes noted autopsy was made all cases. 
The primary gonadotrophic stimulus was routinely PMS. 

Standardization FSH and ICSH. FSH and ICSH potencies were determined 
immature hypophysectomized female rats the method Evans al. (10), de- 
scribed again recently Woods and Simpson (22). The rat unit FSH, used 
here, the minimal effective dose (MED) for follicular development, and that for ICSH 
the MED for interstitial repair (total dose days). 

Materials for injection. The human gonadotrophin (HCG; Antophysin, 
Winthrop) used these studies had potency per mg. The equine pregnancy 
serum gonadotrophin (PMS; Gonadogen, Upjohn) had potency 1000 per ce. 
The human menopausal urinary gonadotrophin (HMG-J;, Johnsen, Statens Serum- 
institut, Copenhagen) had MED for follicular development the 
rat ug. 

The normal (N) and gonadectomized (G) adult male rat anterior pituitaries used 
these studies were injected homogenates 0.9% NaCl. Fresh preparations were made 
for each 4-day experiment, the emulsion being stored during this period. Gonad- 
ectomy was performed days age. The blood plasma these animals, 
well the pituitaries, was collected weeks postoperatively. The plasma from 
gonadectomized donors was precipitated 80% ethanol the precipitate was 
then extracted with water, dialyzed and lyophilized. dose this preparation equiv- 
alent plasma gave minimal follicular stimulation hypophysectomized 
ents. The gonadectomized adult rat anterior lobes were also extracted with 50% ethanol 
and treated the procedure used preparing extracts sheep pituitaries (22). The 
MED for FSH the ethanol extracts castrate rat pituitaries was the MED for 
ICSH, the vield was 0.37 mg. per rat. 

The sheep pituitary FSH and ICSH preparations, examined for content antagonist, 
were fractionated described the addendum this report. For purposes com- 
parison, the following preparations from sheep pituitaries were assayed: sheep 
from Ellis, Department Biochemistry, Emory University; 
and NIH-FSH-1, distributed the National Institutes Health, also prepared 
ing the method Ellis (23); Armour standards 227-80 and FSH 264-151-X, pro- 
vided the Biochemistry Research Department, Armour Pharmaceutical Co. The 
lactogenic hormone preparation from sheep pituitaries (NIH-SP-1), estimated con- 
tain per mg., was distributed the Endocrine Study Section the NIH. Sheep 
growth hormone (G-43) was prepared the method Ellis al. (24) and was shown 
standardization immature hypophysectomized female rats the tibia test 
(25, 26) have potency Sheep hormone (VII-N-36) was pre- 
pared for this study the method Fels (27), and was determined histologically (28) 
have MED for thyroid repair the hypophysectomized female rat. The 
sheep adrenocorticotrophic preparation LLR-82, prepared Rosenberg, was 
oxycellulose eluate U.S.P. units per mg.; preparation LLR-110-D-1 was 
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further purified chromatography IRC-50 and contained 100 U.S.P. units per mg. 
(29). 

posterior pituitary hormone preparation was obtained homogenization dis- 
sected, lyophilized monkey posterior lobes. Isolated vasopressin and oxytocin were ob- 
tained from Parke, Davis and Co. (Pitressin, pressor units per and 
units per 

Proteinase was prepared according Ellis (23) and was standardized for 
activity according Adams and Smith 

RESULTS 

Non-Gonadotrophic Hormones. Antagonism was not exhibited any 
the non-gonadotrophic pituitary preparations the dose range tested 
(Table 1). This confirms previous findings (4, 9), and also accord 
with the observation that the phenomenon antagonism can demon- 
strated thyroidectomized and adrenalectomized rats (9). 


TABLE PRINCIPLES TESTED AND FOUND LACKING ANTAGONISTIC PROPERTIES 
normal immature female rats against HCG, SC) 


Preparation Source Unitage Dose 
tested 
Growth hormone Sheep, G-28 3-15 
Thyrotrophic hormone Sheep, R.U. 3-30 R.U. 
Proteinase Sheep, (23) Adams-Smith 
Posterior pituitary: 
Whole lobe Monkey 50-500 
Vasopressin Pitressin, P.D.&Co. 2-8 pressor 
Oxytocin Pitocin, P.D.&Co. 2-8 


FSH. Due the properties FSH preparations, difficult 
assay accurately the presence the antagonistic factor. Antagonism 
could demonstrated, however, preparations sheep 
limited (Table 2). Cruder preparations sheep FSH, those, 
for example, with had the capacity antagonize the gonado- 
action HCG normal immature rats, though only when ad- 
less, antagonism against agents (HCG, 
PMS, HMG) against FSH itself either normal hypophysectomized 
rats any level examined (0.5 200 Preparations FSH with 
physectomized rats, against rat pituitary gonadotrophin (from normal 
and gonadectomized rats) provided the doses FSH, well 


This statement equally true FSH preparations made elsewhere; 
(MED having uterine unit for antagonism FSH, was decreasingly 
effective higher dosages. more purified preparation from Ellis MED 
was ineffective 1-3 FSH. 
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rat pituitary, were carefully Preparations FSH with MED less 
than did not display the phenomenon antagonism even under these 
conditions. 


The greater FSH preparations stimulation follicles 
when administered subcutaneously rather than intraperitoneally has been 
interpreted evidence for antagonism FSH (10). With continued puri- 
fication FSH MED less than this difference the route in- 
jection has also disappeared (22). 


TABLE ANTAGONISM VARIOUS PRIMARY GONADOTROPHIC STIMULI SHOWN FSH 


AND 
ICSH PREPARATIONS PROGRESSIVE STAGES PURIFICATION 
Pituitary fraction assayed as antagonist, IP 


Primary gonadotrophie stimulus* 


ICSH 


Homogenate, rat or sheep pit. 


HCG 


500-25 


500-50 


Homogenate, N or G pit. ; 20-5 + to + 
EtOH extr., G rat pit. + to + 


+to+ 35- 5 + + to + 


Plasma, G rat 
Sheep FSH (MED 10-20 ug) 
PMS 
HCG 
HMG 


40% EtOH rat pit. 5-1.7 
FSH (MED 
PMS 


+ 


HCG 


HMG 


* Minimum of six 25 day old female rats per group; 4 days injection; dose adjusted to produce 35 to 50 mg. ovarian 
wt 


+ FSH and ICSH are tested over a dose range of 0.5 to 200 R.U. 


t Plus or minus in parentheses refers to studies of Fraenkel-Conrat et al. (11) (31), except rat pituitary homogenates, 
which refer to Talbert et al. (14). 


All types ICSH preparations, even those most highly purified, 
having ug, were found act antagonists, reducing the effective- 
ness normal rats simultaneously injected HCG (Fig. Table 2). The 
results testing ICSH preparations antagonists against HCG 
immature normal rats are presented Table purity was improved, 
the ability antagonize became more variable, and much higher unitages 
were frequently required for reduction ovarian uterine weights. 
Figures and present these data scatter diagrams. This can in- 
terpreted indicating that the antagonistic factor not identified 


use pituitary homogenates permitted demonstration augmentation 
antagonism, depending the dosage; whereas one-fourth gland, given subcutane- 
ously with either FSH ICSH intraperitoneally, resulted augmentation, one-half 
gland more gave antagonism under the same conditions. 


_ (+) (+ to +) (—) — —) 
+) (+) + +) —) 
(+) 
(+) 
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Points mean from rats 
standard errors 


HCG (SC,4 da) 


Percent Change Uterine Weight vs. 
Percent Change Ovarian Weight 


log ICSH (IP) 


Antagonism normal day-old Long-Evans rats HCG 
sheep ICSH MED ug). 


with should noted here that ICSH potency was still 
not pure, evidenced lack chromatographic homogeneity and the 
presence traces other contaminants (TSH, Proteinase I). 

Although certain treatments during the purification ICSH may prove 
responsible for the decrease antagonism, single purification 
procedure has been discovered which will consistently and completely 
eliminate antagonism property ICSH preparations. Ammonium 
sulfate fractionation produced only partial and inconsistent elimination 
this property. Although ion-exchange chromatography DEAE-cellulose 
very low ionic strength appeared promising, the results were inconclu- 
sive since fractionation under these conditions was difficult control and 
reproduce. Precipitation ICSH MED and with 10% 
trichloracetic acid quickly followed dialysis and lyophilization, 
significantly reduced antagonism without altering ICSH potency (Fig. 4). 
(Similar treatment ICSH MED resulted loss over 80% 
the ICSH potency.) 

The effectiveness ICSH preparations antagonists hypophysec- 
tomized rats was lost earlier during purification procedures than that 
intact rats. Preparations ICSH with MED less were ineffective 


Correlation coefficients for antagonism unitage with ICSH unitage were +0.7 for 
the ovarian unit, and +0.8 for the uterine unit (+0.9 for the uterine unit ICSH 
preparations from aqueous extracts, +0.7 for preparations from ethanol extracts). 


me 
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TABLE ANTAGONISM THE GONADOTROPHIC ACTION HCG NORMAL IMMATURE 
FEMALE RATS SHOWN VARIOUS SHEEP ICSH PREPARATIONS 


Part Fractions derived from aqueous extracts 


of ICSH Antagonism unit 
Pa Derived from multiple of 
ug wet : Fraction | ICSH, Procedure | Uterine | Ovarian 
glands ue } unit | unit 
insol. 1.2M 7.5 
| insol. 2.0M (NH4)oSO;; | | 
sol. 1.2M 4.7 
6 40 370 | 2.0M | Sol. 1. 2M (NH4)2 SOs pH 7 7. 3, but 30 15:5 
PH 5 insol. | insol. 1.2M (NH4)oSO, pH 4.7 | 
| 2.0M (NH4)2SO,4 insol. 1.2-1.8M (NH,)oSO, pH 5 | 
| pH 5 insol. | | | 
2.0M insol. 2.0M and 
| | pH 5 insol. | | sol. pH 4.1 (H POs); IRC-50 (ref. 23) | 
} | sol. 1.25M (NH4)oSOy; pH 5.5 and 4.0; | 
| | Insol. 1.2-1.8M | 
a a | 310 Extr. pH 9; 5 | DEAE-C, elution 0.005M PO; pH7 7;| 3.5 18 
15 3 230s | (No. 7) 15 DEAE -C in H.O (not retaine d) | 4.0 95 
| | | DEA | elution 0.005M PO; pH7 7.0 | } 
| | elution 1M NaC! (ref. 23) | 
} | elution pH 6.85 (ref. 42) | | 
| | | elution pH 6.85 (ref. 42) | 
| | tained) } 


antagonists hypophysectomized rats though assayed over range 
0.5 200 R.U. (Table 2). This finding consistent with the observations 
Fraenkel-Conrat al. (11). Table illustrates the change reaction 
hypophysectomized recipients purity ICSH increased. Significant 
suppression ovarian and uterine development was demonstrated with the 
preparation with MED when assayed against appropriate levels 


q 
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| 
From aqueous extracts 
From ethanol extracts 

200 

Antagonist: Uterine Unit Multiple MED ICSH 
Antagonism sheep ICSH normal immature rats. Uterine unit =50% 


inhibition uterine weight. Produced HCG (4d, SC) alone. 
From aqueous extracts 
50} 
200 
10.0 
5.0 
@@0 


Antagonist: Ovarian Unitas Multiple MED ICSH 


Antagonism sheep ICSH normal immature rats. Ovarian unit 
inhibition ovarian weight. Produced HCG (4d, SC) alone. 
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b 


(IP) 


Antagonism normal immature rats HCG sheep ICSH 
after treatment with 10% TCA, +3° 


TABLE ANTAGONISM THE GONADOTROPHIC ACTION HCG NORMAL IMMATURE 
FEMALE RATS SHOWN VARIOUS SHEEP ICSH 


Part Fractions derived from 40% EtOH extracts 


Preparations of ICSH assayed Antagonism unit 
; expressed as a 
multiple of 


Derived from 


| 
MED 


| ue | Wet = Fraction ICSH, | Procedure | Uterine | Ovarian 
glands unit unit 
1.4-1.8M 
24 20 95 | 40°% EtOH extr. | 200 1.4-1.9M (NH4)oSO; 1.0 > 
25° yield gm. 
25° C; yield 8 gm. 


Dial. sol. 


40% EtOH extr. 


1.4-1.8M (NH4)2SO, 
| 25° C; yield 8 gm. 


| | 25° C; yield 8 gm. | | 
29 | 3 | 40 50°) EtOH extr. 30. | 1.4-1.8M (NH4)oSO; 6.0 35 
25° C; yield 4 gm. 


30 1.3 3.3 | (No, 25, 26) | 10-15 | DEAE-C pH 7 H,0; (not retained) | 13.0 


Elution 0.005M PO, pH 7 3.0 175 


Elution 0.015M PO; pH 7 |} 4.5 9 


7 35 7.5 5.2 | (No, 33) 4 1.5 | 6M urea pH 8 40° C 24 hr.; dial. 8.5 120 

| | 1.4-1.8M (NH4)2SOx | | 


(No. 36) 


IRC-50: 0.2M PO, pH 6.0 (not re- 


| tained) | 
| elution 0.015M NH sOAe pH 9.3 
41 {|>15 1.0 | (No. 39) 1.3 | 10% TCA 3° C; dial. <q 


655 
+ Fraction M 
2.0 3.5 
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TABLE ANTAGONISM GONADOTROPHIC ACTION PMS HYPOPHYSECTOMIZED 
RATS ICSH PREPARATIONS WIDELY DIFFERENT POTENCY 

otal Ovaries Uterus 

ICSH No. of 


PMS, 


2 — rats Weight, mg. = Weight, mg. 
SQ fitca IP Av. (Range) lutea Av. (Range) 
20 | 35 3 33 (27— 39) | small to medium - 63 ( 40-104) | medium 
thecal hypertr. 
5 2 18 (16- 20) few, small to + 34 ( 27— 41) | small to medium 
medium atretic (fewer) 
10. 3 21 (19- 25) | few, small 38 ( 34- 43) | small to medium 
30 3 68 (53- 93) medium to large - 109 ( 97-117) | estrous 
thecal hypertr. 
5 3 58 (43- 62) medium to large + 127 (118-144) estrous 
10 3 40 (16— 80) medium to large 121 ( 63-174) — estrous 
15 3 35 (26-— 53) medium to large a 118 ( 86-145) estrous 
25 1.3 10 45 (36- 56) medium to large - 80 ( 56-110) | estrous 
5 5 37 (17— 64) | medium to large om 74 ( 46-133) — estrous 
10 5 49 (57-100) medium to large 15 7 ( 49-117) | estrous 
luteinized walls 
25 10 45 (21-150) medium to large - 85 ( 49-144) — estrous 
luteinized walls 
50 5 47 (25—- 69) medium to large 1/5 104 ( 64-150) — estrous 
luteinized walls 
Hypophysectomized 
Controls 12 8 ( 6- 11) small 23 ( 19- 32) small 


PMS.° The preparation ICSH with MED 1.3 when injected over the 
same range dosage, was incapable acting antagonist the hy- 
pophysectomized rat. The reduction ovarian weight observed after injec- 
tion the less purified preparations was due depressed follicular de- 
velopment and increased atresia. The excessive luteinization which was 
characteristic feature after injection the high dosages persisted ad- 
ministration the purer ICSH preparations. 


appears that the antagonism shown FSH-containing 
pituitary preparations not intrinsic property FSH inasmuch the 
phenomenon disappears during continued purification. therefore 
probable that the antagonism previously reported (11) (14) displayed 
partially purified FSH preparations cannot attributed itself. 

The evidence given here also suggests that ultimately purified 
(LH) will not possess the ability antagonize endogenous 
exogenous follicular stimulants. The burden proof for separate factor 
lies the final ICSH recovery pituitary fraction 


against PMS antagonism was exhibited reduction uterine 
well ovarian weight. After primary gonadotrophic stimulus 1.0. PMS ovarian 
weights were reduced progressively with increase dosage; uterine weights were 
not reduced, keeping with the common observation that uterine weights offer less 
reliable index antagonism the presence excess stimulation. 


j 
| 
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with antagonistic and other biological property. still remains 
possibility that antagonism due some combination known pituitary 
hormones, none which effective when administered alone. 

The mechanism action antagonism remains elucidated. 
true that the end result antagonism limitation follicular growth. 
The demonstration the phenomenon hypophysectomized animals has 
shown that pituitary mediation not obligatory, although pituitary 
secretion antagonist may contributory factor intact animals. 
least part the reaction observed normal rats may also due in- 
hibition secretion endogenous FSH (13). Attention has been called 
the similarity the end results after injection antagonist and after 
administration estrogen. 

The significance the route administration demonstration the 
phenomenon, i.e., the superiority intraperitoneal injection over sub- 
cutaneous injection, remains explained. Differences the rate 
absorption and possible role the liver immediately come mind. 


ADDENDUM. PURIFICATION FSH ICSH 


order evaluate the experiments presented here, essential 
have clear understanding the degree purity and the biological po- 
tencies the preparations injected during these studies and able 
compare them with others previously used efforts understand the 
phenomenon antagonism. Stated briefly, the plan for the purification 
anterior hypophyseal gonadotrophins sheep has been follows. 
Whole sheep pituitary glands have been extracted for FSH and ICSH 
with ethanol, and for ICSH with aqueous solution, Using 
partially purified hormones obtained ammonium sulfate fractionation 
these extracts, additional purification has been achieved ion-exchange 
chromatography diethylaminoethyl The conditions 
have been carefully standardized for the best and potency the 
gonadotrophins. 


FSH 


shown Table preparations FSH with 2.9 were ob- 
tained from ammonium sulfate fractionation followed anion-exchange 


PURIFICATION SHEEP FOLLICLE STIMULATING HORMONE 


MED FSH, Multiple re- 
mg./kg. wet. gl. 


Frozen pituitary 108 2500 
Acetone-dried 
40% EtOH, 25° 8000 
30-40 
‘ 


or 
10 


WOODS AND SIMPSON 


Volume 


chromatography (0.5 milliequivalent ionizing groups 
per gram, equilibrated with 7.0) and displacement be- 
tween 0.030M and When injected intraperitoneally, this 
FSH preparation had MED for repair interstitial tissue hypoph- 
ysectomized female rats times the MED for FSH. The reduced 
concentration ICSH the FSH-containing zone indicated partial sep- 
aration ICSH from FSH. Further fractionation this FSH from 
cellulose chromatography, precipitation from protein solution 
between 2.4 and 2.9M vielded FSH with 1.7 MED. The 
presence ICSH was not detected until this product was injected intra- 
peritoneally times the for FSH. Table shows the comparative 


FOLLICLE STIMULATING HORMONE FROM SHEEP PITUITARIES (FSH) 
Comparison products from different laboratories 


Unitage Multiple of MED giving 
Ar NIH- H 9 
Author and year Method SQ Std FSH-S1 IP sc 
Jensen, et al. 40°) EtOH; (NH4)eS80, 25 6 10 
(17) 1939 
Fraenkel-Conrat, et al. | 40% EtOH; (NH4)2SOx | 3 55 40 
(31, 34) 1940 | | 
Li, al. Aq. extr.; 1.4 >20 
(35, 36) 1949 
Raacke, et al. | Electrophoresis 25 6 50 
(37) 1958 
‘Ellis | NIH-FSH-S1; 550 5 | 
(23) 1958 aq. extr.; (NH | 
Electrophoresis | | 
Steelman and Segaloff EtOH; DEAE-C ca 4 35 
(38, 39) 1957 | | 
(22, 40) 1959 DEAE-C; (NH | 65 32 >70 | 85 


* By augmentation bioassay in normal immature Long-Evans female rats using the conditions of Steelman and 
Pohley (41). 


potency this final preparation with others derived from sheep pitui- 
taries, which have been described previously. 

The methods used for purification the sheep FSH used these studies 
have been reported more fully recent publication Woods and 
Simpson (22). Some more recent improvements have been made the 
conditions chromatography. Using starting material 
partially purified FSH from ammonium sulfate fractionation 50% 
ethanol extract sheep pituitaries, inert protein and most the con- 
taminating ICSH were removed gradient displacement 0.020M 
PO,, 7.0, followed gradient displacement 0.040M PO, the 
main FSH fraction. Such preparations are more potent, though the 
sacrifice vield. (For example, one fraction, with MED for FSH 2.3 
and MED for ICSH had yield mg./kg. wet weight. Judged 


| 
q 
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augmentation bioassay (41) normal immature female rats, this prep- 
aration had times the FSH potency Another fraction, 
with MED for FSH 2.0 and MED for ICSH had vield 
kg. wet weight.) 

ICSH 

Anion-exchange chromatography (38) partially 
purified ICSH (MED from fractionation aqueous ex- 
tracts pituitary vielded ICSH with MED This preparation did not 
produce follicular uterine stimulation 1200 times the MED for ICSH 
when tested subcutaneous injection hypophysectomized rats. Sub- 
sequent cation-exchange chromatography IRC-50, fractionation 
with between the limits 1.4 and vielded ICSH with 
MED ug. The was mg./kg. wet weight tissue, represent- 
ing 35-40% recovery activity the original tissue. 
chromatography ICSH with MED derived ammonium 
sulfate fractionation ethanol extracts, preparation with 
from 50% ethanol extracts, resulted ICSH with MED 0.75 
1.0 ug. The yield ICSH starting from and EtOH extracts was 
the original tissue. These preparations given subcutaneously did not 
cause follicular uterine stimulation 6000 times the for ICSH. 
The progressive increase potencies and the yields from these fractiona- 
tion procedures, applied the aqueous and alcoholic starting material, 
are summarized Table 

Table shows the comparison with the results other laboratories; 
only preparations from sheep pituitaries have been included since the 
products used this study were only those derived from sheep pituitary. 

ICSH preparations with potency about were assayed for bio- 
logically active contaminants high doses hypophysectomized rats and 
were found contain less than 0.1% growth, lactogenic, adrenocortico- 


TABLE 7. PURIFICATION OF SHEEP INTERSTITIAL CELL STIMULATING HORMONE 


Acetone-dried 


DEAE-Cellulose 


| 
| 
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trophic follicle-stimulating hormones. The MED for 
hormone was 500 1000 The presence Proteinase was demon- 
strable only prolonged incubation for hours. Contamination with 
vasopressin was less than 0.4 pressor units per mg. 


TABLE SHEEP INTERSTITIAL CELL STIMULATING HORMONE (ICSH LH) 


Comparison products from different laboratories 


repair 100% for dev. 


(42, 43) 1940 
(44) 1958 
(23) 1958 
(45) 1958 
(40) 1959 DEAE-C 
(from above) 
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FURTHER STUDIES FACTORS AFFECTING 
THE PLASMA PROTEIN-THYROID 
HORMONE 
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Department Medicine, Harvard Medical School, and the Medical Research 
Department the Yamins Research Laboratory and the Medical Service, 
Beth Israel Hospital, Boston, Massachusetts 


ABSTRACT 


The binding and plasma proteins and their distribu- 
tion between plasma and tissue binding sites were studied (1) paper and 
starch gel electrophoresis, (2) vitro tissue uptakes, and (3) dialysis. Results in- 
dicate that (1) the plasma inter-alpha globulin binding moiety paper electro- 
phoresis heterogeneous reelectrophoresis starch gel, (2) the binding 
component serum albumin resides very small fraction thereof, (3) TRIS 
buffer plays important role plasma binding these techniques, (4) 
plays important role and binding plasma, and (5) 
affects the binding thyroid hormones and this effect different for and 


ECENT reviews attest the growing interest in, and increasing 
complexity of, the nature the binding and transport thyroid 
hormonal substances various plasma protein components 


early studies, using chiefly paper electrophoresis Veronal buffer, 


8.6, was found that thyroxine (T4) migrated principally with trace, 
inter-alpha globulin moiety (TBP TBG), with albumin serving 
secondary carrier small proportion thyroxine. More recently, 
another important plasma 
fraction (TBPA) has been found several investigators using different 
buffers 8.6 and varied electrophoretic techniques (5-11). Compa- 
rable data the binding triiodothyronine (T3) are meager, but ap- 
pears that (1) similarly bound, perhaps preferentially, TBP, (2) 
does associate with various other protein fractions electrophoresis, 
(3) binding plasma protein weaker than that T4, and (4) 
not bound pre-albumin (6, 10, 12, 13). This report deals with our 
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continuing study factors affecting thyroid hormone binding plasma 
proteins and the resultant distribution hormone between plasma and 
tissue binding sites, using concomitantly methods paper and starch gel 
electrophoresis, vitro and dialysis. The results fur- 
ther the importance, this parameter thyroid function, such factors 
the method electrophoresis, the nature the buffer, the specific 
thyroid hormone involved, the the medium, and the the 
system. 


MATERIALS AND METHODS 


Electrophoresis: Plasma serum was labeled the addition varying amounts 
ferent buffer systems, (a) paper electrophoresis paper—Spinco model— 
Durrum type), (b) starch gel the method Smithies (14), and 
varying combinations paper and starch gel reference above, 
sequential segments paper strip after were inserted into slit 
starch gel and using the same different buffer. Alternatively, 
the contents various segments the starch gel after were re- 
moved freezing, thawing, and squeezing, and then reelectrophoresed paper 
another starch gel using different buffer. The distribution radioactivity was de- 
termined (a) direct strip gel counting automatic, gas flow, end-window scan- 
ner, (b) cutting the strip gel into em. segments and counting the segments 
well-type scintillation counter, and radioautography (for paper strips only). For 
protein distribution, paper strips were stained bromphenol blue, gels the method 
Smithies. The distribution radioactivity was estimated 
the area under the various radioactive peaks. 

Vitro Studies: Using our previously published method (15), tracer amounts 
37° for varying time intervals, and the incorporation radioactivity the red blood 
cells then determined following five saline washes. R.b.c. uptake results are expressed 
the uptake, viz.: 


and the answer corrected 100 hematocrit. 

Dialysis Studies: The amount and rate dialysis and from vitro 
labelled plasma serum were determined according our previously published method 
(10). 

the studies the role carbon dioxide tension, the various solutions was 
determined both the Van Slyke apparatus and highly sensitive 
(Severinghaus type). 


RESULTS 
Following paper electrophoresis labeled serum Veronal 
buffer (pH the radioactivity was found, reported others, 
principally the inter-alpha globulin area, with small amount the 
proximal region the broad albumin band (Fig. upper portion). How- 
ever, when the paper segment containing the albumin-localized was re- 
electrophoresed starch gel (borate buffer, 8.6, the albumin 


HAMOLSKY, STEIN, FISCHER AND FREEDBERG Volume 
PAPER ELECTROPHORESIS 


VERONAL BUFFER (pH 8.6) 


EUTHYROID SERUM 103 THY 


4 


STARCH ELECTROPHORESIS 
BORATE BUFFER (pH 8.6) 


Fic. Combination paper (upper section) and starch gel (lower two sections) 
electrophoresis. Upper section—whole euthyroid serum; lower sections—reelectrophore- 
sis albumin segment from paper (right), TBG segment (left). each section, upper 
portion represents plot radioactivity, lower portion depicts protein distribu- 


tion. Arrows indicate point application serum insertion paper segment into 
starch gel. 


segment was resolved into major, broad, protein staining peak with little 
radioactivity and narrow band closer the origin containing most 
the radioactivity but not stainable protein (Fig. bottom right). Similarly, 
seen the lower left section Figure the TBG segment from paper, 
when re-electrophoresed starch gel, revealed two and occasionally three 
distinct bands radioactivity with faint protein stains. 

The pattern distribution radioactivity obtained starch gel 
electrophoresis T4-labeled serum Veronal buffer was similar that 
paper—namely, major inter-alpha globulin peak and smaller al- 
bumin peak. However, following starch gel electrophoresis 
labelled serum TRIS (hydroxymethylaminomethane) buffer (pH 8.6, 


al 

al 

il 
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Fig. Starch gel electrophoresis euthyroid serum, labelled addition 
TRIS buffer, 8.6, Migration from right border left. Upper strip— 


protein stain; lower scan. 


0.5M), seen Figure radioactivity was found three peaks: 
leading pre-albumin band, small amount the albumin band, and 
peak interpreted representing the inter-alpha globulin area. 
pre-albumin localization I'*! could demonstrated. The ratio the 
amount added) the TBP peak compared the TBPA 
peak was then compared repeated determinations nine euthyroid 
and ten untreated hyperthyroid patients (Table 1). consistent pattern 


TABLE PERCENT DISTRIBUTION BETWEEN PRE-ALBUMIN AND INTER-ALPHA 
GLOBULIN STARCH GEL ELECTROPHORESIS—(TRIS 8.6, 


Euthyroid 


Patient Patient 
runs) TBPA runs) 
(2) 31.9 52.8 0.60 (2) 
(3) 35.3 48.7 0.72 (2) 
41.1 47.8 0.86 (2) 
(2) 44.0 40.2 1.09 (2) 
(4) 29.6 1.80 (2) 
(5) 54.4 32.2 1.69 (2) 


TBP =Inter-Alpha Globulin. 


to no 


Hyperthyroid 


w 
mmwwe 


~ 
00 


Ratio 


TBPA 


0.2 


0.57 


14.0 
29.3 
41. 
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distribution could demonstrated there was complete overlapping 
the values for the ratio distribution 
TBP) 


TBPA 


between the euthyroid and hyperthyroid series. contrast the results 
reported using TRIS buffer paper electrophoresis, the ratio distribu- 
tion between the TBPA and TBP given serum could varied, 
even reversed, altering the molarity the TRIS employed the sys- 
tem. 

These and previously observed effects TRIS (10) and its known capac- 
ity CO, buffer refocused our attention anomalous results had 


pr 


vs. (See text for details.) 


been observing our previous studies the vitro distribution 
between plasma and red blood cells patients with CO, retention (17). 
Figure are plotted r.b.c. uptakes (abscissa) consecutive pa- 
tients with CO, retention (ordinate). Nineteen had chronic pulmonary 
emphysema, two kyphoscoliosis, one marked hypoventilation following 
cerebrovascular accident. The hatched areas indicate normal values our 
laboratories (15, 17). The dotted vertical line represents the upper limit 
normal the two hour vitro r.b.c. uptake for females (17.0%) 
and the solid line that for males highly significant correlation 
between pCO, and r.b.c. uptake observed, with value 0.94. The 
solid circles represent normal uptakes six patients with severe dyspnea 
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from obstructive pulmonary emphysema but with normal values. The 
circled crosses represent results four patients with previously elevated 
values whose uptake fell normal pCO, fell response therapy. 
The elevated uptake depends upon plasma abnormality red blood cells 
from normal subject had elevated uptakes plasma, 
whereas cells from patient had normal uptakes normal 
plasma (Fig. 4). Blood was normal most patients while slightly re- 
duced (7.34 7.38) the remaining few the time these determina- 
tions. 


UPTAKE, 18.2% UPTAKE 24.3% 
EUCAPNEIC PLASMA HYPERCAPNEIC PLASMA 
HYPERCAPNEIC CELLS 
UPTAKE 18.0% UPTAKE 23.9% 


turnover studies were carried out seven these hypercapneic 
patients following the infusion microcuries T4. Normal values 
our laboratory range from 6.6 7.8 days with average 7.18 days 
(19). contrast, the half-time disappearance the infused 
the seven hypercapneic patients ranged from 4.2 5.8 days, averaging 
5.1 days. 

have reproduced some these phenomena experimentally. The red 
permitted fall, incubating open flask. The uptake can re- 
turned normal simply restoppering the flask and continuing the 
run maintaining normal during the run passing into 
the unstoppered flask. R.B.C. uptake can increased above normal 
bubbling CO, under pressure. noteworthy, however, that date 
have not been able obtain uptake values high those obtained 
the patients. Normal uptakes, once attained, decrease the 
flask then unstoppered and the run continued. Similarly, the dialysis 
from plasma buffer medium can decreased increased, 
respectively, decreasing increasing the surrounding The in- 
creased dialysis was observed following the increased pCO, despite main- 
tenance within narrow range the concomitant addition bi- 
carbonate ion. 

Other studies, however, revealed separate role affecting hor- 
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mone binding. The dialysis and from plasma various buffers 
was determined over extended range. seen Figure the plasma 
binding progressively increased (dialysis decreased) progressively 
higher values. contrast, the binding was essentially unchanged 
between 7.3 and 8.3, but decreased 8.6. 


THY (22 Hours) 


TRIS buffer. 


PERCENT DIALYSED 


72 74 76 78 8.0 82 84 86 8.8 


BUFFER 
DISCUSSION 

Knowledge concerning the binding and transport thyroid hormones 
one more plasma proteins has grown rapid pace. Important 
physiologic correlations have been made varying stages development 
this knowledge (e.g. increased binding capacity has been shown 
myxedema, pregnancy, and following estrogen administration, while 
decreased binding capacity has been noted hyperthyroidism, nephrosis, 
etc.). The demonstration important degree binding pre- 
factor different buffers 8.6 various electrophoretic 
techniques has necessitated reevaluation earlier concepts based 
the assumption only one major (TBG) and one lesser (albumin) 
binding protein. The unsettled state the problem reflected the 
different reports that starch gel electrophoresis borate buffer the 
major binding occurs pre-albumin fraction (5). paper elec- 
trophoresis TRIS buffer there approximately equal distribution 
between TBPA and TBG physiological concentrations (6), 
the binding properties TBG are due TBPA present complex 
unknown composition (7), four binding sites have been identi- 
field starch gel electrophoresis and radioautography (19), iodine 
compound found associated with albumin the plasma certain thyro- 
toxic but not euthyroid subjects (20) and the distribution paper 
electrophoresis TRIS and borate buffer strikingly dependent (11). 


2... 
50 
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8.6, the distribution between TBPA, albumin, and TBG averaged 
56, and 34%, respectively; the more physiological 7.6, how- 
ever, there was essentially binding pre-albumin, although 
tential binding component ahead albumin could demonstrated 
two-dimensional electrophoresis. Such reports and the results this study 
indicate the need for critical evaluation the role the various experi- 
mental techniques employed attempting any physiologic assessment 
this parameter thyroid function. 

The results our study using various combinations paper and starch 
gel electrophoresis indicate heterogeneity the inter-alpha globulin 
binding protein. The single TBG peak found paper was consistently 
resolved into two and sometimes three distinct peaks starch gel re- 
electrophoresis. Furthermore, the binding moiety the albumin 
band was shown re-electrophoresis reside but very small portion 
thereof. Such data are pertinent attempted mathematical computation 
binding, using e.g. chemical methods quantitate albumin con- 
centrations. They further underscore the fact that the binding components 
have not yet been isolated pure form, cannot quantitated directly 
different sera, and, therefore, not possible this date determine 
whether alteration distribution various disease states represents 
quantitative increase decrease binding protein some form 
qualitative alteration thereof. 

The importance technical factors such the buffer used further 
indicated our published observations (10) that (1) binding capacity 
TBPA isolated starch gel, TRIS system dependent upon the pres- 
ence and molarity the TRIS buffer, (2) TRIS buffer causes increased 
plasma binding the vitro erythrocyte uptake and dialysis tech- 
niques and (3) Veronal buffer causes striking decrease the binding 
albumin. 

The possible role carbon dioxide tension affecting the distribution 
thyroid hormones between plasma and tissue binding sites suggested 
(1) the striking correlation pCO, levels and vitro r.b.c. uptakes 
TRI, (2) the increased turnover vivo subjects, 
(3) the correlation vitro tissue uptakes with experimentally altered 
pCO, levels, and (4) the correlation the rates dialysis and 
from plasma with experimentally altered pCO, levels. not possible 
this time delineate unique role for independent the con- 
comitant changes define the mechanism the pCO, effect. How- 
ever, effect, separate from alteration, suggested the fol- 
lowing: the the blood the patients when the 
uptake was elevated was normal range only slightly 
reduced, decrease r.b.c. uptake correlated directly with thera- 
peutically induced lowering when attainable, without significant 
changes, experimental prevention alteration the any 
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significant degree the concomitant addition bicarbonate failed 
prevent the increased rate dialysis attendant upon increased pCO, 
tensions, although the decreased red cell uptake TRI effected 
running the experiment open flask (with the attendant increased 
pH) could reversed normal simply restoppering the flask and 
continuing the run, the elevated did not return the lower control 
values pari passu, and although decreased pCO, (with increased 
pH) caused decreased vitro r.b.c. uptake both and T4, and 
increased alone caused decreased dialysis from plasma (con- 
sistent with increased plasma binding, hence decreased tissue uptake), 
suggest decreased plasma binding and tissue uptake the 
were the determinant factor. 

Further studies are under way investigate the possible physiologic 
role and alterations the distribution thyroid hormones 
between plasma and tissue binding sites. 
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THE MECHANISM IODINATION REACTIONS 
THYROID 


NICHOLAS ALEXANDER 
Radioisotope Service, Veterans Administration Hospital, West Haven, Connecticut 
and the Department Biochemistry, Yale University School 
Medicine, New Haven, Connecticut 


ABSTRACT 


Previous studies from this laboratory showed that iodide 
oxidized and enzyme, iodide peroxidase, before incorporated 
into tyrosine and protein thyroid and salivary homogenates. reported 
here that several other naturally occurring biological oxidants electron 
carriers cannot replace although had been shown elsewhere that flavin 
cofactors stimulate iodide utilization thyroid preparations. The results 
this study demonstrate that catalase anaerobiosis prevent flavin activation, 
and thus support the conclusion that the activation due the production 
during autoxidation the flavin. The peroxidases salivary and thyroid 
glands are not identical because homogenate salivary gland will oxidize bro- 
mide and slightly incorporate into tyrosine, but thyroid homogenates will 
not. Neither tissue oxidizes chloride fluoride. Histidine iodinated thy- 
roid and salivary extracts but tyrosine overwhelmingly iodinated when both 
amino acids are present. Although iodohistidine has been isolated from thy- 
roid glands, has not previously been biosynthesized vitro. Under condi- 
tions where tyrosine readily iodinated, possible 
thyronine, di- and tri-iodothyronine, are not iodinated rat human thyroid 
extracts. suggestion for the vitro role iedine metabolism 


work the author (1) demonstrated that the enzyme 

catalyzing iodide oxidation the thyroid peroxidase, hydrogen 
peroxide being the oxidizing agent (2). Reports (3, that riboflavin 
riboflavin phosphate stimulate radioiodide incorporation into the protein 
rat thyroid subcellular particulate preparation indicated that iodide 
may have been oxidized something other than iodide peroxidase. This 
investigation shows that stimulation due the generation hydrogen 
peroxide autoxidation the flavin. Consistent with the fact that iodide 
peroxidase the oxidative catalyst thyroid tissue, several other electron 
carriers cannot replace hydrogen peroxide. Differences the halide 
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specificities the iodide peroxidases thyroid and salivary tissue and 
studies the iodination histidine and iodothyronine derivatives are 
also presented. 


METHODS 


Tissue Homogenates, Materials, Incubation Procedures, and Manometry. Homogenates 
rat thyroid and submaxillary salivary glands were incubated aerobically (1) with 0.1 
0.3 radioiodide sodium phosphate buffer (pH 7.4, Dubnoff shaker 
Warburg apparatus. Whole thyroid glands could stored frozen for months 
without losses enzymatic activity. Anaerobic incubations were shaken 37° 
Thunberg tubes that were evacuated with water aspirator for ten minutes were 
filled with nitrogen. Incubations containing riboflavin were exposed the prevailing 
light the laboratory. 

Monoiodohistidine and 3-monobromotyrosine were synthesized (5, for use 
markers paper chromatograms and all other materials were obtained from commercial 
sources. 

Separation Iodoamino Acids and Assays. Incubations were terminated 
with trichloroacetic acid and iodoamino acids the supernatant solution were isolated 
chromatography Dowex-50 and paper and counted described (1). The thyroid 
protein precipitates were counted after being washed three times with 0.1 mg. carrier 
potassium iodide ml. trichloroacetic acid remove non-protein bound radio- 
iodine. When less than was the substrate, carrier iodoamino acids (20 
ug) were added the paper chromatograms reveal their location with the Pauly 
reagent. 


RESULTS 


Riboflavin Stimulation Catalase Anaerobiosis. Table 
contains typical data demonstrating that riboflavin stimulates the in- 


TABLE INHIBITION RIBOFLAVIN STIMULATION CATALASE 


Conditions: Each reaction flask was incubated for one hour and contained the following 
total volume 1.5 ml.: 0.5 ml. rat thyroid homogenate, 
riboflavin, and Substances were added omitted indicated. 


Reaction flask Constituent added omitted 
Thyroid protein MIT 
riboflavin 0.4 0.3 
4.9 26.3 
tyrosine 9.0 1.0 
One mg. catalase added 0.5 0.7 


One mg. boiled catalase added 8.8 29.8 


corporation radioiodide into L-tyrosine and protein thyroid homog- 
enates. Only MIT? was synthesized and most the radioactivity the 
pancreatin hydrolystes (7) the proteins was also present MIT. the 
absence added tyrosine, somewhat more iodide fixed into protein. 
stimulation profoundly inhibited one mg. catalase, but 
boiled catalase has effect. 


abbreviations employed are: DIT =3,5-diiodo- 
tyrosine; DPN nucleotide; and TPN Triphosphopyridine nucleo- 
tide. 


added iodide incorporated into: 
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TABLE 2. INHIBITION OF RIBOFLAVIN STIMULATION BY ANAEROBIOSIS 


Conditions: Same reaction Table except that the main compartment the Thun- 
berg tubes contained everything but the homogenate which was tipped from the side arm 
after anaerobiosis had been achieved. Tube was also evacuated, then reaerated, before 
tipping the homogenate and Tube was filled with nitrogen after had been evacuated. 


added iodide incorporated into: 


Thunberg tube No. Gas phase 
Thyroid protein MIT 
Air 5.3 27.8 
Anaerobic 0.2 0.4 
Nitrogen 0.5 0.8 


From the data Table obvious that anaerobiosis completely 
prevents riboflavin stimulation iodide utilization thyroid homog- 
enates. The control incubation, tube was evacuated the same man- 
ner and reaerated establish that manipulations for achieving anaero- 
biosis were not responsible for reversal the stimulatory effect. Identical 
results those Table and were obtained when riboflavin phosphate 
was substituted for riboflavin. The stimulation flavins iodide utiliza- 
tion rat salivary and human thyroid homogenates was also inhibited 
catalase anaerobiosis. 

Other Oxidants and Electron Carriers Replace 
Peroxide. The specific requirement for hydrogen peroxide thyroid homog- 
enates illustrated Table Here seen that the hydrogen 
peroxide generating system, glucose and glucose oxidase, markedly en- 
hances utilization radioiodide thyroid homogenates. Only MIT 
formed with this concentration iodide whereas previously had been 
found that DIT was also formed with times much iodide (1). Some 
the naturally abundant biological electron carriers and other widely 
used oxidants cannot replace hydrogen peroxide. The electron carriers 


TABLE INABILITY VARIOUS ELECTRON CARRIERS REPLACE 
THE THYROID IODINATING SYSTEM 


Conditions: All flasks were incubated for one hour and contained 0.3 ml. rat thyroid 
low total volume 1.5 ml. was produced from and 125 
micrograms glucose oxidase. Concentration the other oxidants was except for 
respectively. 


added iodide incorporated into: 


Thyroid protein MIT 
1.0 
3.9 31.4 
Methylene Blue 1.2 0.2 
DPN 0.2 0.2 
0.2 0.2 
Cytochrome 0.4 0.2 


Boiled thyroid homogenate employed. 
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which were ineffective are cytochrome DPN, TPN, ferricyanide, 
methylene blue, and phenazine methosulfate. Similar results were obtained 
with salivary, rat extraorbital lacrimal, and human thyroid homogenates. 
Thyroid, salivary and lacrimal homogenates also very actively incorporate 
iodide into tyrosine 5.4 (0.1 acetate buffer) when supplied. 

Differences the Halide Specificities Peroxidases Thyroid 
and Salivary Glands. was previously established (1) that glucose oxidase 
consumes mole oxygen per mole glucose generating hydrogen 
peroxide and acid, but traces metals water and buffer salts 
decompose hydrogen peroxide 1/2 and that the net oxygen 
uptake halved: 


Glucose 
Oxidase 
Metals 
H.O, + 2 
Net: (1) Acid 


When iodide and salivary thyroid homogenate are added this 
generating system, the net oxygen uptake increases because 
not decomposed but preferentially utilized iodide peroxidase 
oxidize iodide ion the following manner: 


Glucose 
Oxidase 
Peroxidase 


perhaps iodinium ion (8), then iodinates tyrosine. 

The activity thyroid and salivary peroxidases towards various 
halogens was assessed this manner (cf. ref. 1), and the results are ex- 
pressed Table accordance with equation (1), wmoles oxygen 
are consumed when glucose are oxidized glucose oxidase 
(incubation and, thyroid and salivary homogenates readily peroxidize 
iodide seen the increase oxygen uptake (incubations and 13). 
Positive tests for iodine with starch are observed these iodide incuba- 
tions. the absence thyroid salivary homogenates, iodide and 
bromide are not significantly oxidized, incubations and Salivary (in- 
cubation 8), but not thyroid (incubation 12), homogenates also readily 
peroxidize bromide, while neither tissue peroxidizes chloride fluoride, 
incubations and 11. Preliminary results indicate that dialyzed 
lacrimal gland homogenates peroxidize bromide well iodide. (Lacrimal 
homogenates were dialyzed reduce endogenous oxygen consumption 
minimum while dialysis salivary and thyroid homogenates not neces- 
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TaBLE 4+. DIFFERENCES IN HALIDE PEROXIDATIONS BY THYROID 


AND SALIVARY HOMOGENATES 


Conditions: All incubation mixtures contained glucose, 125 glucose oxi- 
dase, and halide and 1.5 ml. salivary homogenate 
1.3 ml. thyroid homogenate were added indicated. Final volume was 3.0 ml. and oxy- 
gen uptake was the end hours. 


Incubation number Homogenate added Halide added uptake* 
5.0 
5.2 
Bromide 5.1 
Salivary 5.3 
Salivary Fluoride 5.6 
Salivary Chloride 
Salivary 
Salivary Bromide 
Thyroid 5.3 

Thyroid Fluoride 5.4 
Thyroid Chloride 
Thyroid Bromide 5.5 
Thyroid 


Values were the averages determinations. 
Boiled homogenates were inactive. 


sary.) Paper chromatograms Dowex-50 effluents from incubation mix- 
tures containing 0.0017 KBr and salivary homogenates displayed faint 
Pauly positive spot with the same (0.55) monobromotyrosine but 
dibromotyrosine was apparent, whereas MIT and DIT are readily syn- 
thesized from 0.0017 (1). 

The effect bromide the incorporation radioiodide into L-tyrosine 
and protein salivary and thyroid homogenates presented Table 
fifty fold excess bromide does not alter the incorporation iodide into 
salivary tissue, and, expected, bromide has effect 
the utilization iodide thyroid homogenates. negligible percentage 
iodide was incorporated into salivary protein because the iodide con- 
centration was high and tyrosine was added. Salivary homog- 
enates effectively incorporate iodide into tyrosine when 
FAILURE BROMIDE INHIBIT IGDIDE UTILIZATION 

SALIVARY AND THYROID HOMOGENATES 


Conditions: Reaction flasks contained 1.0 ml. salivary homogenate, 
and generated glucose and 125 glucose oxidase total 
volume 3.0 ml. Flasks contained the same constituents except that salivary tissue 
was replaced 0.5 ml. thyroid homogenate and concentration was 6.7 total 
volume 1.5 ml. Bromide was added indieated and the lasted for hour. 
The tyrosine concentration was 3.3 all flasks. 


added iodide incorporated into: 

mide added 


Protein MIT DIT 
2—Salivary 0.2 25.4 
times greater than iodide 43.1 31.0 
6—Thyroid 5.9 49.2 
7—Thyroid times greater than iodide 4.2 52.1 


Boiled homogenates. 


676 ALEXANDER Volume 


iodide was used substrate Table and was also found that bromide 
fails inhibit iodide utilization when iodide employed. 
the radioactivity found the salivary protein, confirming earlier 
report (9). 

Studies the Histidine and The results 
Table demonstrate that histidine iodinated thyroia (incubation 
and salivary (incubation homogenates but tyrosine overwhelmingly 
iodinated equimolar mixture the two amino acids (incubations 
and Tyrosine preferentially iodinated even though its concentration 


TABLE HISTIDINE THYROID AND SALIVARY HOMOGENATES 


Conditions: All incubations were for hour with glucose, 125 glucose oxi- 
dase and the amino acid indicated concentration except for incubation 
number whose tyrosine concentration was Incubations 1-5 had 0.5 ml. thy- 
roid homogenate and total volume 1.5 ml. while had 1.0 ml. 
salivary homogenate and total volume 3.0 ml. 


Incubation added iodide incorporated into: 


number and Amino acid added 
Protein MIT DIT 
1—Thyroid L-Tyrosine 6.9 
2—Thyroid L-Histidine 35.8 4.6 12.9 
L-Tyrosine 7.8 0.7 3.2 
4—Thyroid L-Histidine L-Tyrosine 12.1 30.5 1.2 5.8 
6—Salivary 0.2 36.8 15.0 


Salivary L-Histidine L-Tyrosine 12.3 8.8 


Boiled homogenates are inactive. 
MIH refers monoiodohistidine. 


one-tenth great histidine (incubation 4). Analyses incubations 
and showed that only monoiodohistidine (Rf=0.18) contained radio- 
iodide and that diiodohistidine was formed either salivary thyroid 
glands. The MIT formed incubations and from iodination en- 
dogenous tyrosine the thyroid homogenate while MIT was formed 
incubation because the salivary homogenate had been dialyzed. 

The possible thyroxine precursors, thyronine, 3,5-diiodothyronine and 
M), are not iodinated human rat thyroid 
homogenates under conditions where iodide readily 
porated into tyrosine. addition, radioiodide does not exchange with the 
iodine thyroxine. 


DISCUSSION 


thyroid glands the major mechanism for converting iodide re- 
active chemical species that can organically bound oxidation 
peroxidase. Support for this mechanism comes from the finding that other 
oxidants and electron carriers, except flavins, cannot replace 
and from independent reports (2, 10) that augmented iodide 


a 
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metabolism. Flavin stimulation abolished catalase anaerobiosis 
and therefore due the production the aerobic autoxidation 
the flavin. These results have been verified numerous repeat experi- 
ments and contradict the report Tong al. (3) that flavin stimulation 
not affected (nitrogen atmosphere) conditions, although 
their data indicate that catalase inhibits flavin stimulation 7.5. 
Recently, Soodak and Maloof have verified the inhibition flavin 
stimulation catalase and anaerobiosis. The requirement for light (4) 
would explained the photochemical activation flavins (11, 12). 

Others (2, 13) have believed copper essential for iodide oxidation because 
was required for MIT synthesis from carrier-free radioiodide. The 
requirement for added may explained the inhibition 
TPNH dependent MIT and DIT deiodinase described Stanbury (14, 
15). showed that the deiodinase thyroid and other tissues and that 
inhibited copper. the absence the enzyme and limiting 
concentrations endogenous TPNH homogenates could deiodinate the 
small amount MIT (less than formed from iodide, 
whereas only negligible percentage the synthesized iodotyrosines 
would deiodinated the author’s experiments. Taurog 
al. (16) observed requirement for added because their prepara- 
tions were producing protein bound MIT which not dehalogenated. The 
vivo role iodine metabolism problematical. 

Hydrogen peroxide may produced thyroid glands flavin enzymes 
since flavin adenine dinucleotide thyroid constituent (17). Data the 
presence such enzyme, xanthine oxidase, the glands are conflicting 
(17, 18). Peroxide may also generated from the autoxidation ubiq- 
uitous substances like sulfhydryl compounds and acid. Some 
goiters are possibly due deficiency the peroxide generating 
mechanism and indeed, absence iodide peroxidase the most likely 
biochemical defect those congenital goitrous disorders (19) which 
thyroid glands trap iodide but cannot metabolize even when 
supplied (10). 

After inorganic iodide oxidized, the iodination tyrosine probably 
enzymatically controlled, proposed Serif and Kirkwood (2), and this 
further indicated the inability thyroid homogenates iodinate 
thyronine and iodothyronines. This latter result strengthens the presump- 
tion (20) that thyroxine not formed iodination free thyronine 
precursors. However, the postulated iodinating enzyme, which may 
iodide peroxidase another protein, can iodinate histidine. This was 
anticipated because iodohistidine had been previously isolated from thyroid 
gland hydrolysates (21), and preferential iodination tyrosine explains 
iodohistidine minor thyroid constituent. 

When supplied with milk (22, 23, 24, 25), lacrimal (9) and salivary 
glands can readily synthesize MIT, DIT and iodohistidine, but they can- 
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not store organically bound iodine synthesize thyroxine. 
logical materials contain peroxidases which, like thyroid iodide peroxidase, 
are completely inhibited relatively small concentrations some goitro- 
genic agents (1, 23, 26), but salivary and lacrimal peroxidases are markedly 
different from thyroid peroxidase that they oxidize bromide well 
iodide. 

not fixed into organic compounds the thyroid vivo (27, 
28), consistent with the observation that these homogenates not oxidize 
this halide. Although salivary homogenates readily peroxidize bromide, 
bromination tyrosine does not proceed well iodination and the 
difference might that iodine yields more easily than bromine gives 
rise (29, 30). Moreover, neutral the chemical oxidation 
bromide proceeds much slower than iodide oxidation. inter- 
esting that iodide utilization salivary homogenates unaffected 
large concentrations bromide. This may due greater affinity 
peroxidase for iodide might the result oxidation iodide bro- 
mine that formed the enzyme. 
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FURTHER STUDIES PROGESTIN BIOASSAY 
USING THE ENDOMETRIAL RESPONSE 
THE 


YASUNAO OGAWA GREGORY PINCUS 


The Worcester Foundation for Experimental Biology, Shrewsbury, Massachusetts 


ABSTRACT 


Using micromanometric method for the determination carbonic anhy- 
drase, comparative study has been made the dosage response relationship 
and the concentration this enzyme with the increase endometrial weight 
Clauberg-type rabbit uteri following progesterone administration. linear re- 
lationship log. dose has been found for carbonic anhydrase concentration over 
the range 0.125 mg. progesterone, and over the range 0.25 mg. for 
endometrial weight. Similar linear dose response curves have been found with 
the progestin, the enol propionate 19-nor testosterone 
(SC-7294). Its potency ratio progesterone approximately Following 
single injection either progesterone SC-7294, the time course change 
endometrial weight and enzyme concentration has been followed over 
10-day period. endometrial weight precedes the increase 
carbonic anhydrase activity. Following single injection progesterone 
immature, unprimed female rabbits examined the fourth day after admin- 
istration, linear log. dose response curve obtained over the range 0.6 
mg. for carbonic anhydrase concentration. this single injection assay the 
endometrial weight response much more limited and highly variable. 


REVIOUS studies have shown that the quantitative estimation 

anhydrase concentration the progestational activity the 
rabbit endometrium correlates well with the degree pseudopregnant 
proliferation was also demonstrated that the Lutwak-Mann test 
for progestin-induced anhydrase increase may used 
quantitative bioassay for progestational and antiprogestational effects (2, 
3). manometric micro-method for the determination carbonic anhy- 
drase activity, which was recently reported sensitive, accurate and 
practical method suitable for biological studies (5), would make this 
bioassay method more useful. 

this paper present: (a) statistical analysis the dose-response 
relationships between progesterone and endometrial carbonic anhydrase 
concentration and also between progesterone and endometrial weight 
the Clauberg rabbit, (b) comparative assay progesterone and another 
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progestin, the 3-propionate 17a-ethyl-19-nortestosterone 
(c) the time course change endometrial anhydrase concen- 
tration and endometrial weight after single administration pro- 
gestin, and (d) simplified assay using single injection progesterone. 


METHODS 


Immature albino rabbits kg.) were used. prime the rabbits, 
estradiol was injected subcutaneously once daily for days. Administration progestin 
was begun the 7th day and continued daily for days. Twenty-four hours after the 
injection the rabbits were sacrificed and the endometria were scraped off with dull 
surgical knife. 

The preparation the enzyme extract and the procedures for the determination 
enzyme activity were the same those our previous paper (5). All hor- 
mones were dissolved Sesame Oil U.S.P. and the volume injection was 0.2 ml. per 
rabbit. 


RESULTS 


Bioassay Progesterone Multiple Administration the Clauberg Rab- 
bits 


The data the anhydrase concentration and the amount 
endometrium series control and progesterone-treated animals are 
shown Table and illustrated Figure Statistical analysis gave 


TABLE 1. THE PROGESTERONE DOSE-RESPONSE RELATIONSHIPS FOR CARBONIC ANHYDRASE 
CONCENTRATION AND ENDOMETRIAL WEIGHT OF CLAUBERG RABBITS 


anhydrase 


Dosage* No. rabbits weight concentration 
Mean Mean 
38.8+ 5.28 157.8+ 17.69 
0.125 40.3+ 4.53 314.1+ 27.99 
0.25 11.71 476.2+ 33.81 
0.5 380.5+ 48.74 726.2+ 48.77 
1.0 592.7+ 67.26 952.6+ 57.48 
2.0 813.4+ 59.83 1078.5+ 71.61 
4.0 1121.0+177.89 1130.3+ 77.93 
8.0 1162.7+11 0+109.36 


1132. 
Dosage progesterone shows the total amount administered five consecutive days. 


evidence the linear logarithmic dose response relationships over the 
dosage range 0.125 mg. for the endometrial carbonic anhydrase 
concentration, and over the range 0.25 mg. for the endometrial 
weight (Tables and 3). 

the usable upper-limit dosages for these dose-response regression 
lines, the endometrial weight shows nearly 30-fold increase over the 
control level, while the enzyme concentrations show about 8-fold in- 
crease. However, the larger value the precision index for the endo- 
metrial weight measurements (A=0.305), compared the enzyme con- 
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Volume 


DOSE RANGE 


Dose response regression line 
progesterone (Clauberg rabbits). 


CARBONIC ANHYDRASE CONCENTRATION 


ENDOMETRIUM) AND ENDOMETRIUM WEIGHT 
Ss 


DOSE PROGESTERONE LOG SCALE 


centration measurements indicates the larger individual dif- 
ference the responses progesterone. Furthermore, the endometrial 
anhydrase concentration sensitive enough the dose pro- 
gesterone low 0.125 mg. per rabbit. These facts point the accuracy 


TABLE 2. STATISTICAL ANALYSIS OF LINEAR RELATIONSHIP BETWEEN 
PROGESTERONE DOSE AND CARBONIC ANHYDRASE CONCENTRATION 


Factor Sum sq. Variance 
Linearity 
Residue 14,072.54 
Dose (4) 

Total 


Linear regression highly significant. 


TABLE 3. STATISTICAL ANALYSIS OF LINEAR RELATIONSHIP BETWEEN 
PROGESTERONE DOSE AND ENDOMETRIAL WEIGHT 


Factor Sum sq. Variance 
Linearity 
Residue 


Total 
Linear regression highly significant. 

=825.9 Log. —227.6; =0.305. 
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and usefulness this enzyme method for the quantitative assay pro- 
gestin. 


Comparative Assay Progesterone and 


Table shows the data comparative assay progestational com- 
pound, SC-7294, against progesterone using measurements endometrial 
anhydrase concentration and the endometrial weight Clauberg 
rabbits. Both types measurements gave entirely parallel regression 

TABLE COMPARATIVE ASSAY PROGESTERONE AND SC-7294 ENDO- 


METRIAL CARBONIC ANHYDRASE CONCENTRATION AND ENDOMETRIAL 
WEIGHT OF CLAUBERG RABBITS 


anhydrase 


Endometrial weight 
concentration 


Mean Mean 


Experimental Data 
1080.8 
1.0 51.6 
Analytical Data 
Method 4-Point 6-Point assay 


Parallelism Highly Highly significant 
Regression coefficient 267 .72 377 


Logarithm poteney ratio 


SC-7294 


Progesterone 


Fiducial limit =0.05) 71.1—140.8% 


Dosage shows the total amount administered five consecutive days. 
Data the lowest dosage are discarded. 


lines, although there was some difference the potency ratios. the 
analysis the endometrial weight assay, however, the data the lowest 
dosages, which are too small for the endometrial weight response, were 
disearded and 4-point assay about the middle and high dosages was 
carried out, instead 6-point assay which the most reliable method 
comparative assay. 

SC-7294 estimated progestin about two times active pro- 
gesterone. 


Time Course Carbonic Anhydrase Concentration and Endometrial 
after Single Administration Progesterone and 


Using Clauberg rabbits, time studies variations carbonic anhydrase 
concentration and weight were pursued after single injec- 
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tion progesterone mg. per rabbit) SC-7294 mg. per rabbit). 
The data Table show that both compounds caused remarkable in- 
crease the endometrial weight which was followed rather rapid 
decrease after early peak, but that the enzyme concentration increased 
rather slowly, and reached its peak days later than endometrial 
weight. clear that SC-7294 also possesses greater activity single 
injection, well the standard assay, and that has longer lasting 
activity than progesterone using both types measurements. 


TABLE VARIANCE CARBONIC ANHYDRASE CONCENTRATION AND ENDOMETRIAL 


WEIGHT 
THE TIME COURSE AFTER SINGLE INJECTION PROGESTINS 
(Clauberg rabbits) 
injection (day) No. rabbits (mg.) concentration 
(E.U./gm.) 
Progesterone: 4.0 
103.5+ 17.92 408.8+ 34.91 
485.2+ 55.36 995.6+ 72.14 
317.8+ 99.38 1773.9+ 71.05 
24.2+ 5.35 83.63 
23.0+ 1.37 65.10 
3.0 
845.8 906.2+ 67.16 
36.2+ 9.89 74.05 
22.1+ 6.11 480.6+ 42.65 


Bioassay Progesterone Single Administration Non-primed Imma- 
ture Rabbits 


Comparing the response caused five consecutive days’ injections 
the total amount mg. progesterone (Table with the response 
single injection the same dosage (Table 5), noticeable that the 
fifth sixth day after the injection higher anhydrase concen- 
tration resulted from single injection, whereas multiple administration 
greater increase endometrial weight. Taking notice this fact, 
bioassay method single injection was examined. this trial, at- 
tempting simplify the assay procedure, non-primed immature rabbits 
weighing about 1.7 kg. were used and sacrificed four days after the injec- 
tion. shown Table and Fig. linear logarithmic dose response rela- 
tionships were obtained over the dosage range 0.5 mg. for the 
endometrial enzyme concentration and over the range 1:0 mg. for 
the endometrial weight. The precision index vaiue for the enzyme concen- 
tration measurements indicates satisfactory degree accuracy 
and the linear relationship spreads over wide range progesterone, al- 
though the minimum detectable dosage approximately 0.5 mg. the 
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TABLE 6. THE PROGESTERONE DOSE-RESPONSE RELATIONSHIPS FOR CARBONIC 
ANHYDRASE CONCENTRATION AND ENDOMETRIAL WEIGHT OF 
NON-PRIMED IMMATURE RABBITS 


(Four days after single dose administration progesterone) 


Carbonie anhydrase 
Endometrial weight concentration 


Mean 


Experimental 
26. 

78.2+60.44 


a 

67.4 

107.8 
200.1 
311.6 

5.3 


out 


Analytical Data 


Dosage range mg. mg. 
Variance: Linearity 564,118.24 
Residue 3,548.11 14,499.95 
Linear regression =0.001) Highly significant Highly significant 
Regression line =278.9 Log. Log. —371.6 
Precision index 0.441 0.184 


other hand, might have been expected the result using non-primed 
rabbits both the response and the accuracy the endometrial weight 
measurements are unsatisfactory. 


DISCUSSION 


previous papers (2, was confirmed that the increase the endo- 
metrial anhydrase the Clauberg rabbits usable bioassay 
method for progestational and antiprogestational activity. 

the result our use manometric micro-determination the 
DOSE RANGE 


ENDROMETRIUM) 


mg) 


Dose response regression line 
progesterone (non-primed rabbits). 


CARBONIC ANHYDRASE CONCENTRATION 
AND ENDROMETRIUM WEIGHT 


DOSE PROGESTERONE LOG SCALE 
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enzyme activity, the sensitivity the dose response relationship has been 
increased that the minimum detectable dosage progesterone comes 
down 0.125 mg., and the maximum response obtained 2.0 mg. per 
rabbit. Furthermore, 6-point comparative assay progestational com- 
pound, SC-7294, using progesterone standard, showed entirely parallel 
regression lines, indicating the accuracy and reliability the carbonic 
anhydrase method using multiple injections the Clauberg rabbits 
standard assay procedure. Finally, simpler method, the carbonic 
anhydrase assay single injection the non-primed rabbits has been 
found have satisfactory degree accuracy and rather wide range 
varying progesterone dosage, which the minimum detectable dosage 
approximately 0.5 mg. per rabbit, the same the previously reported 
methods (2, 6). 

the other hand, when the endometrial weight was used indi- 
‘ator the endometrial proliferation, showed statistically linear dose 
response relationships all experiments, but higher dosage range was 
required than that for the carbonic anhydrase response. However, these 
endometrial weight responses were accompanied wider range 
standard error and seemed lack the necessary degree accuracy needed 
for quantitative assay. 

the experimental data variations carbonic anhydrase concen- 
tration and the endometrial weight after single injection progestins, 
was observed that the maximum response the endometrial weight 
appeared before that the enzyme concentration. The two injection 
schedules could account for the difference the increase the enzyme 
and the increase the tissue weight. Also these responses would suggest 
possible connection with the mechanism the carbonic anhydrase bio- 
synthesis progestins the rabbit endometrium i.e. tissue synthesis 
preceding enzyme activity increase. 

the routine search for new progestational compounds, most 
desirable have simple and reliable assay method. This paper presents 
series working procedures suitable for that purpose, that is: assay 
procedure multiple injection progestin the Clauberg rabbit with 
(1) checking the endometrial weight increase, (2) estimation 
the progestational activity the measurements the carbonic anhy- 
drase concentration, and then, necessary (3) the estimation the 
potency ratio comparative assay. 
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THE INDUCTION OVULATION STARVING 
PULLETS USING MAMMALIAN AND AVIAN 


Department Animal Science, University Illinois, Urbana, Ullinois 


ABSTRACT 

Laying pullets deprived all nourishment, except water and oyster shell 
showed ovarian degeneration and cessation ovulation within hours. 
Injections gonadotropins prevented ovarian degeneration and, some 
cases, induced regular daily ovulations for more days after removal 
With the limited range doses investigated, intramuscular injections 
dried chicken anterior pituitary glands were more effective causing daily 
ovulations than was combination intramuscular injections mammalian 
follicle stimulating hormone with intravenous injections mammalian luteiniz- 
ing hormone. There was progressive decline the weight ovulated 
starved, hormone-supported pullets. 

suggested that failure lay the starved pullet primarily due fail- 
ure the pituitary adequate gonadotropins. The possibility that 
less extreme dietary deficiencies affect egg production via pituitary 


WAS shown Hosoda and his associates (1, that when laying 

hen starved there normally rapid degeneration the ovary, but 
that this can prevented injecting mammalian gonadotropins. 
one experiment ovulations were induced single intravenous injection 
luteinizing hormone (LH) given the end 7-day starvation period, 
during which the ovary had been supported daily injections follicle 
stimulating hormone (FSH) pregnant mare serum (PMS). 

Hosoda’s experiments the principal effect hormone treatment was 
maintain the ovary the condition prevailing the beginning the 
starvation period. Although ovarian weight was considerably above 
normal for some the starved, gonadotropin-treated hens, indicating the 
deposition some during starvation, attempt was made main- 
tain normal rate yolk synthesis induce repeated ovulations. 

The series experiments reported below was undertaken determine 
what extent laying pullets could induced continue yolk synthesis 
during period starvation, with daily removal yolk material 
induced ovulation. 
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MATERIALS AND METHODS 

White Leghorn pullets between and months age were kept individual cages. 
Artificial lights were used from a.m. p.m. The diet for all birds before each experi- 
ment, and for fed controls during each experiment, was pelleted laying ration (21% 
protein) and mixed grain given the discretion the attendant. pullets were 
deprived all food (except oyster shell) throughout each experiment. Feed was re- 
Experiment Starving birds had unlimited access water and the last two experi- 
ments they also had supply oyster shell grit. Subsidiary trials indicated that the pro- 
vision this source did not affect ovulation rate but did substantially reduce 
the proportion soft-shelled eggs. Soft-shelled eggs were likely either eaten 
fall through the cage floor and break. 

The mammalian hormones used were commercial preparations FSH (Armour Lot 
No. 377201) and (Armour Lot No. 377279). Assay these hormone preparations 
rats showed that neither preparation was pure and best characterized 
FSH LH.” According the manufacturer the FSH contained about 
dry matter basis, while the contained prolactin and thyrotro- 
phin. The LH-contaminant FSH was sufficient either maintain comb size hy- 
pophysectomized hens or, given sufficiently high doses, actually cause comb 
growth (3). Evidence presented later (manuscripts preparation Opel’s data 
(3) the maintenance ovarian function hypophysectomized hens), will show that 
the preparation also had significant amount FSH which appeared negligi- 
ble when assayed accepted methods rats. 

Chicken pituitary powder (CAP) was made anterior pituitary glands 
obtained from 12-week old chickens both sexes. This preparation was crude 
and contained all the hypophyseal hormones usually expected such powder. The 
dried CAP powder was suspended saline concentration 2.5 mg. 10.0 mg. per 
ml. The this material accounts for the large doses the powder which had 
injected order obtain the desired degrees stimulation. 

Experiment starved controls were injected with saline and received the same 
handling birds other treatments. later experiments the starved controls were 
not injected. 

each experiment, the day which food was removed was designated “Day and 
injections were begun the following day, 1.” Experiment injections were 
made daily between p.m. and p.m. and Experinents and injections were 
made daily between and noon. Initial injections were made hours after re- 
moval food each experiment. 

Records lay were available for least week prior the start each trial. These 
were used ensure that all birds had been laying regularly, but effort was made 
match treatment groups. Birds were palpated the time each injection for the pres- 
ence egg the oviduct. some cases eggs were not laid within hours being 
first palpated and efforts were then made induce oviposition with intravenous in- 
jection 2-12 U.S.P. units Purified Principle. These injections induced ovi- 
position approximately half the cases and had apparent effect subsequent events 
the ovary. Eggs which were held the uterus beyond hours were recorded 
though they had been laid when they were due. Eggs found the uterus autopsy 
(other than those held over) were recorded being laid the day autopsy. 


RESULTS 
Experiment Rate Ovarian Regression 


The first experiment was designed determine how rapidly ovarian 
regression sets following removal food from young pullets. group 
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pullets was divided into two lots. One lot was fed normally while 
the other lot was starved until egg production had ceased (on Day 
which time birds were autopsied. separate group pullets was 
starved and lots birds were sacrificed intervals 24, 48, and 
hours after removal food. The results are presented Table 

The first signs follicular atresia were apparent hours after removal 
food. the afternoon day the majority follicles, including all 
those normally ovulable size, were atretic. 


Taspie 1. RESULTS OF SIMPLE STARVATION 


Per cent egg 


pullets Day Day Day Day Day Day Day Day 


1. Fed 13 92 62. 62 69 rir 92 69 


(fromday 


data Mean ovary weight (gm.) 46.9 24.6 30.4 15.3 
pullets Mean oviduct weight (gm.) 36.8 15.8 


No. eggs 100 
Per cent production 


Since food was removed late the afternoon day assimilation 
nutrients from the gut presumably continued for some time into the morn- 
ing Day Day about hours after the onset real starva- 
tion, almost half the birds failed ovulate (ovipositions recorded Day 
result from ovulations Day 2). Only one bird ovulated Day and 
she had failed ovulate Day 

Thus starvation first events the ovary about hours after 
the gut became empty; after hours the ovaries most pullets were 
atretic and devoid ovulable follicles. 


Experiment Ovarian support and ovulation with mammalian gonadotropins 

this trial FSH was used support ovarian growth, indicated 
the experiments Hosoda al. (1, 2). addition, daily intravenous 
injections were given attempt induce daily ovulations. Nine 
daily FSH injections were made beginning Day and eight injec- 
tions were made, beginning Day All birds were autopsied the after- 
noon Day 10. Other details treatments and summary results are 
presented Table 

FSH alone was effective maintaining ovarian weight and resulted 
some ovulations beyond the fifth day, when the starved controls laid their 
last eggs. Intravenous injections LH, addition causing some ovula- 
tions, were about effective the intramuscular injections FSH 
supporting ovarian weight. FSH and together gave slightly higher 
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RESULTS INJECTING MAMMALIAN GONADOTROPINS INTO 


STARVING PULLETS 


Fed controls 


units FSH, i.m. 


No. birds No. days 


i.m. =intramuscular; i.v. =intravenous. 


ovulation rate than either one alone, but differences between the three 
hormone-treated groups were not significant. The greater total dose 
gonadotropins received birds treatment reflected their signifi- 
greater ovarian weights <0.05 when compared treatments 
and Three the pullets treatment died Day 10. 

autopsy, most the ovaries from the gonadotropin-treated birds 
showed excess small (1—4 gm.) and medium gm.) follicles with 
lack large gm.) follicles and complete absence the follicular 
hierarchy which characterizes the ovary normal pullet. The prolifera- 
tion small and medium sized follicles was particularly noticeable with 
treatment (see Fig. C). Most the ovaries showed one two atretic 
follicles autopsy. 

This experiment demonstrated that was possible obtain more than 
one ovulation from starving pullet and indeed (out 20) hormone- 
treated birds each produced more eggs after the removal food. How- 
ever, the average vield the hormone-treated pullets was only 3.65 eggs 
per bird for Days through 10, compared with 2.4 eggs per bird for starved 
controls. 


Experiments and Avian Gonadotropins 


Recent experiments this laboratory had shown that crude chicken 
pituitary preparation was very effective maintaining follicular growth 
and ovulation hypophysectomized pullets (3). There was some indica- 
tion that this material was more effective maintaining nearly normal 
follicular hierarchy than were the usual mammalian gonadotropins and 
the material was tested starving birds. 

Two experiments were conducted with identical materials and the results 
are presented jointly Table attempt alleviate the technical 
making repeated intravenous injections, the birds used for 
treatments and Experiment each had polyethylene cannula 
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Fig. Ovaries taken from pullets autopsy. A—normal ovary from fed control. 
B—ovary from pullet starved for days. C—ovary from pullet starved for days and 
treated with FSH and (treatment Experiment 3). and ovaries from pullets 
starved for days and treated with mg., mg. and mg. respectively chicken an- 
terior pituitary powder daily (treatments and Experiment 4). 
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RESULTS INJECTING AVIAN PITUITARY POWDER 
INTO STARVING PULLETS 


Per cent egg production 


Body 


(per bird per day) pullets owe | | toss Gem.) 
Experiment 3 
1. Fed controls 10 80 75 93 80 (48 .2)* (60.4)* | 
2. Starved controls 10 83 55 0 0 7.0+ 1.8 8.4+0.8 | 348+ 18 
3. {1 mg. CAP, i.m. 4 81 88 19 0 6.6+ 1.2 | 21.1+3.6 | 422+ 46 
0.5 mg. CAP, i.v. 


0.45 mg. CAP, i.v. | 


Experiment 4 


2. Starved controls 2 88 50 0 0 7.0+ 1.0 | 10.6+0.5 | 395+ 125 

3. 2 mg. CAP, i.m. 5 100 95 80 20 8.7+ 3.5 | 30.84+1.0 | 700+ 47 

4. 4 mg. CAP, i.m. 5 90 105 80 33 | 44.3+ 5.7 | 52.7+4.0 | 734+ 26 

5. 8 mg. CAP, i.m. 5 95 100 55 17 88.5+22.1 | 61.8+7.6 | 730+ 57 

6. {2 mg. CAP, i.m. \ 5 90 100 50 13 | 75.0+10.4 | 43.7+2.2 | 580+ 36 
0.25 units FSH, i.m. 

7. (2 mg. CAP, im. 5 90 110 40 13 60.2+ 8.5 | 48.7+3.7 | 598+ 46 
0.5 units FSH, i.m. 

8. 0.5 units FSH, i.m. 3 92 100 42 0 69.44+16.2  49.7+4.2 670+ 90 


* Data from Experiment 2. 
CAP =Chicken anterior pituitary powder; i.m. =intramuscular; i.v. =intravenous. 


sutured into the right wing vein. The end this tube was sealed with hot 
forceps after each injection, and before each injection small piece was 
snipped off allow the insertion blunt needle. These cannulae were 
successful for period 3-11 days after which the portion the vein 
which carried the sutures would become necrotic and the bird would peck 
out the cannula. When cannula failed, intravenous injections were dis- 
continued for that bird. was then noticed that several pullets continued 
ovulate single daily intramuscular injection CAP and 
so, Experiment only intramuscular injections were used. 

Injections were made Days through Experiment with autop- 
sies the morning Day 12. Experiment injections were made for 
days, beginning Day and birds were sacrificed the afternoon 
Day 11. 

Experiment indicated that CAP injections induced some ovulations 
but, with the highest dose used, there was marked deficiency ripening 
follicles the ovary autopsy. Since the lack small follicles was 
contrast the results FSH treatment was decided test, 
ment the effects (a) raising the dose CAP and (b) combining CAP 
with FSH injections. 

Table shows that the most successful procedure was raise the dose 
CAP. The optimum dose, judged number eggs laid and condition 
the ovaries autopsy, was mg. CAP per bird per day. Ovulation 
rate was almost good using mg. CAP per day, but autopsy four 
out five ovaries contained yellow yolks (see Fig. D). The ovaries 
from birds treated with mg. CAP showed many follicles the 2-6 gm. 
range with deficiency larger follicles (see Fig. should noted, 


> 
(days 
9-11) | 
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of mean 


Fic. Mean ovarian weight au- 
topsy for starving pullets injected with 
chicken anterior pituitary powder. 


0-602 


(mg/day) 


however, that the average weight the follicles which ovulated Days 


was only gm. (see below). 

Birds receiving mg. CAP per day gave fewer ovulations than those 
given mg. mg. autopsy their ovaries exhibited the same pattern 
overstimulation great excess small gm.) follicles) that 
monly seen pullets treated with mammalian hormones (see Fig. F). 

Figure shows the relation ovarian weight autopsy dose CAP. 
all these experiments there was marked tendency for the variance 
both ovarian weights and oviduct weights proportional the mean. 
This tendency could corrected logarithmic transformation. 

The use 0.25 0.5 units FSH conjunction with mg. CAP per day 
resulted increased ovarian weights autopsy but reduced rather than 
enhanced ovulation rate. The ovaries birds receiving both FSH and 
CAP showed excessive number small follicles, similar number and 
appearance those obtained with the mg. dose CAP, but many 
cases there was also extensive atresia the larger follicles. The average 
number atretic follicles per ovary was 5.8 for treatments and com- 
pared with 1.4 for treatments 3-5. 

Treatment was included check the effect injecting FSH 
alone. The results were similar those obtained with this same treatment 
Experiment 

Table and Figure summarize the daily performance the ten puliets 


2-0 
] 
o 
= 
1-6 
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© 4.2 
0-301 — 0-903 
log dose CAP 
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TABLE PERFORMANCE THE TEN BEST PULLETS EXPERIMENT 


Performance, days 1-11 Mean +s.e. Range 
Eggs per bird 0.33 
Weight eggs per bird (gm.) 404 9.2 366 
Weight yolk ovulated per bird (gm.) 108 4.1 
Body weight loss (gm.) 
Ovary wt. autopsy (gm.) 35.8+ 8.6 87.4 


birds from treatment birds from treatment bird from treatment bird 
from treatment 


which gave the highest individual yields egg material during starvation. 
will seen from Figure that, most these cases regular daily 
ovulations were induced for about days (about half the eggs laid Day 
resulted from induced ovulations, judged time oviposition). Al- 
though there clutch pattern the kind seen normal chickens, 
possible for bird miss ovulation for one two days and then resume 
laying, presumably when the largest available follicle reaches 
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Weight egg components (means per egg) during starvation: data for ten 
highest yielding pullets treated with Chicken Anterior Pituitary powder (Experiment 4). 
lines indicate that ovulation occurred the day shown; horizontal lines 


show absence Note that one hen ovulated yolks days after onset 
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After the second day, about the eggs were laid between 
and indicating that the injections made were directly re- 
sponsible for the induction ovulation. The average number eggs laid 
after Day starved controls Experiments and was hence the 
average number induced hormone treatment for the birds described 
Table was about eggs. 

Figure shows that both yolk weight and albumen weight fell steadily 
when repeated ovulations were induced. The fitted linear regression lines 
both show significant slopes the regression coefficients are 
—0.874 gm. per day and gm. per day. All 
treatments showed similar downward trend yolk weights but most 
the number eggs obtained beyond Day was too small permit 
reliable comparisons. 

The body weight losses given Tables and were measured from the 
time food removal autopsy, without adjustment for gut contents 
for eggs the oviduct. average loss 745 gm. represents 37% the 
initial liveweight these birds. Weight losses tended proportional 
initial liveweight (which varied from 1400 2500 gm.) and showed 
little relation, within treatment, the weight eggs produced. Between 
treatments, was observed all experiments that hormone injections 
substantially rate weight loss and correspondingly weak- 
ened the birds that mortality occurred first with the most 


treatments. Experiment six birds died before the time autopsy: 
three these were from treatment (one died Day and two Day 
11); the others were from treatment (Day 11), treatment (Day 11) and 
treatment (Day 10). 


DISCUSSION 

These experiments suggest that the primary cause the failure ovula- 
tion and yolk synthesis the starving pullet hormone deficiency. 
This situation parallel failure pregnancy the rat which occurs 
with various kinds nutrient deficiency and which can prevented 
administering ovarian hormones (4, 6). Whereas work the rat was 
begun with vitamin deficient diets (4) and proceeded protein-free diets 
(5) and later diet sugar and water (6), the present study dealt with 
the problem total inanition. Many fascinating experiments remain 
done with various kinds partial nutrient deficiency. One might ask what 
nutrients must provided order maintain life and prolong the period 
yolk synthesis the hormone-supported pullet. 

Hormone treated birds these experiments were plainly mobilizing 
enormous quantities fat and substantial amounts protein relative 
their body weight. For example, the average protein output for the birds 
described Table was about gm. days, assuming egg composi- 
tion normal. This represents about 14% the total protein the 
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body the pullet the start the experiment. comparison, the quan- 
tity protein the average litter produced days progesterone- 
treated rat sucrose diet about 1.3 gm., the rat’s initial body 
protein (6). 

The use hormones induce normal rate ovulation hens main- 
tained synthetic amino acid diets might help considerably towards 
understanding the function proteins the diet producing animal. 
For example, one might question the assumption (7, that hen receiving 
lysine deficient diet stops laying abruptly because she unable syn- 
thesize egg proteins these circumstances. Indeed, one might postulate 
that partial nutrient deficiency interferes directly with albumen 
synthesis this should reflected smaller perhaps fewer eggs; but when 
egg production stops abruptly this should lead one suspect interference 
with pituitary function. 

The doses CAP needed maintain ovarian function the starving 
bird are approximately the same those recently found necessary the 
hypophysectomized pullet (3). the other hand, requires FSH 
the hypophysectomized pullet and only 0.5 FSH the starving 
pullet maintain ovarian weight. Perhaps the reason for this that the 
starving pullet secretes other pituitary hormones (TSH?) which synergize 
with exogenous gonadotropins. 

would seem from these experiments that avian pituitary powder 
superior mammalian gonadotropins for maintaining ovulation the 
fowl. The distinction cannot made the basis follicular hierarchy 
since overdoses CAP were shown produce results akin FSH injec- 
tions and exhaustive attempt was made arrive optimal 
ratios doses. However, the ability CAP induce repeated ovulations, 
with complete dependability, intramuscular injection marked con- 
trast any known mammalian preparation. Intramuscular intraperi- 
toneal injections mammalian preparations cause ovulation only 
high doses which cannot repeated without causing gross overstimulation 
the ovary (unpublished results, this laboratory). what extent the 
properties CAP are due the activity its gonadotropin mole- 
cule(s) and what extent they derive from the presence other pituitary 
hormones unknown. 

The dose/response curve given Figure suggests that mg. this 
batch CAP might have been the optimal daily dose for maintenance 
normal ovarian weight. However, the possibility testing this dose level 
was not pursued since the indications are that the more successfully one 
maintains high ovulation rate the sooner the pullet dies. Hence the quan- 
tity egg material produced Experiment might represent the maxi- 
mum that can obtained from starving bird. remains seen 
whether synthesis yolk can continue beyond days when the bird 
given minimal quantities nutrients for the support life, whether her 


4 
1 
7 
i 


April, 1961 OVLATION RATE STARVING PULLETS 697 


can exhausted that yolk synthesis stops even though the 
bird remains alive and continues receive gonadotropins. 
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OCCURRENCE THREE ELECTROPHORETIC COM- 
PONENTS WITH MELANOCYTE-STIMULATING 
ACTIVITY EXTRACTS SINGLE 
TARY GLANDS FROM UNGULATES 


BURGERS' 


Hormone Research Laboratory, University California, Berkeley, California 


ABSTRACT 
vitro method which the skin single test animal carolinen- 
sis) used, and which can used determine the melanocyte-stimulating 
activity large number samples, described. The be- 
havior the melanocyte-stimulating components present the pituitary 
glands different species Ungulata was studied. was found that single 
beef, pig and sheep pituitaries contain three melanocyte-stimulating com- 
ponents, which behaved electrophoresis like 8-glutamyl-MSH, MSH 
and a-MSH respectively. These MSH components were present each single 
pituitary gland ratio which appeared more less constant within 
species and which was characteristic for that species. 


isolation melanocyte-stimulating hormones (MSH) from beef, 
pig, and sheep pituitary glands, and the determination their 
tures, have been achieved during the past few. was discovered 
the course these various investigations that the material prepared from 
the glands any one these animal species, different kinds MSH are 
present. Two forms MSH, namely, a-MSH and were 
prepared from beef pituitaries (1, 2), both MSH and 
were derived from pig glands (1, and all three forms, a-MSH, 
and and were demonstrated exist material 
ovine origin (2, 4). view the fact that the starting material for these 
investigations consists thousands pooled pituitaries obtained from the 
slaughterhouse, there are three explanations that can advanced for the 
above findings: (a) that the different types MSH are present single 
pituitary gland, (b) that only one type MSH found any single 
pituitary and that the different forms come from animals differing geno- 
types within the same species, that some glands containing one and 
other glands containing more than one type MSH have been pooled 
together. investigate these possibilities, single beef, pig, and sheep 
pituitary glands were studied. 
With respect bioassay, among the great variety assay methods used 
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determine the melanocyte-stimulating activity particular substance, 
the vitro test Shizume al. (5), which employs the isolated skin the 
frog Rana pipiens, the most widely used. When, however, the activity 
large number samples must determined, this method unwieldy. 
From each frog, only four pieces skin can used for the test, and, be- 
cause possible variations sensitivity MSH among the individual 
test animals, each sample must tested four pieces skin, each one 
obtained from different animal. the other hand, the endocrine control 
pigment migration the melanophores animal belonging an- 
other class, the reptile Anolis carolinensis, has been demonstrated 
Kleinholz (6) and vitro assay method for the detection MSH, 
which the skin this lizard used, has been described Horowitz (7). 
Since very distinct color change (from bright green black brown) easily 
visible the naked elicited this lizard melanocyte-stimulating 
substances, and since large number uniformly colored pieces skin 
can obtained from single animal, Anolis carolinensis was chosen the 
test animal for the present investigations. 


MATERIALS AND METHODS 


From batches frozen pituitary glands from each the three species studied, 
single gland was picked random. The intermediate plus posterior lobes were separated 
from the anterior lobe and and extracted with 0.1 acid +4° 
The extract was centrifuged and the supernatant fluid lyophilized. few milligrams 
the lyophilized material were submitted zone electrophoresis starch (dimensions 
(9). After hours, the starch was cut into sections measuring em. width and each 
section was placed test tube and eluted with ml. distilled water. portion 
each eluate was transferred fresh test tube and dried over 

Biological assay for melanocyte-stimulating activity was carried out with the skin 
the lizard Anolis carolinensis. The animals, weighing 3-5 gm. each, were kept 
terrarium 24° and were fed Tenebrio molitor larvae. Before each experiment, 
number the animals were placed green jar and exposed continuous illumination 
for least hours. From these animals, the one whose color was the brightest green 
was chosen; this animal was decapitated, the extremities and tail were cut off, medio- 
ventral incision was made, and the skin was peeled off. The isolated skin was trans- 
ferred Petri dish filled with Ringer’s After had been the solution for 
one hour, the bright green skin from the dorsal lateral sides the body was cut into 
numerous small pieces (about 70). The very thin skin which covers the joints the 


The methods used Horowitz (7) and Novales (8) for quantita- 
tive measurement the color change Anolis skin are impractical here, since this 
instance such large number samples must tested the skin the same lizard, 
and since these two methods require large pieces skin. 

interesting that when piece skin added Ringer’s solution which con- 
tains MSH, its bright green color changes brown, and also that regains its initial 
color when replaced Ringer’s solution without hormone. Skin pieces which had been 
stored floating Ringer’s solution closed Petri dish 20° for long hours, 
proved still responsive MSH (see also 7). our actual experimental series, how- 
ever, each experiment was finished within hours after decapitation. 
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extremities and the skin from the neck region, which has somewhat larger than 
does the skin the rest the body, were not used the assay. 

each the test tubes containing the dried material obtained from the starch 
electrophoresis, ml. Ringer’s solution was added. The contents each test tube were 
poured into separate ml. beaker, and the solution was poured back and forth times 
wash out the material from the test tube. Then, the ml. fluid each beaker, 
piece lizard skin was added. The color change the piece skin each beaker was 
followed with the naked eye. The beakers were placed black background and illu- 
green brown was noted, ml. Ringer’s solution and fresh piece bright green 
skin was added the solution. When this second piece also turned brown, quantity 
varying from 0.01 ml., depending the rapidity and intensity the color change, 
was transferred pipetting from the ml. solution into second beaker and was di- 
luted with Ringer’s solution make volume ml. fresh piece lizard skin was 
then added this new solution. This procedure was repeated until concentration was 
obtained which weak color change from bright green definite brownish green 
was elicited piece Anolis skin within half hour, and below which color change 
could longer observed fresh piece skin additional dilution with ml. 
more Ringer’s solution was made. all these experiments, the color the piece 
skin each the hormonal solutions was compared with that piece skin 
Ringer’s solution alone. The experiments were carried out under standardized conditions 
light described above and room temperature (24° C). 

Highly purified a-MSH and from bovine pituitaries (10, 11) and 
glutamyl-MSH from porcine glands (12) and a-ACTH from bovine pituitaries (13) were 
prepared this laboratory methods previously described and were used controls. 


RESULTS 


When the melanophore-stimulating activity each the samples 
obtained from starch electrophoresis single bovine pituitary glands was 
tested Anolis skin, three distinctly different zones activity were 
found present. The zones highest MSH activity were located 14, 
and cm. from the origin. For convenience, shall designate the three 
components and respectively. The same result was obtained 
all the experiments carried out with single bovine pituitary glands. The 
data from typical experiment are given Figure 

the next series experiments, extracts single intermediate plus 
posterior lobes sheep and pig were submitted electrophoresis sepa- 
rate troughs under the same conditions the material bovine origin. 
the samples from single sheep glands and single pig glands, three zones 
MSH activity were again found, located the same distances from the 
origin (8, 14, and em.) the components from bovine pituitaries. The 
experiments were repeated times more with single sheep and pig glands, 
and each instance similar result was obtained (Figs. and 3). 

compare the mobilities the active components from the single pitui- 
tary glands with those the various froms MSH known chemical 
highly purified (bovine origin), (bovine 
origin) and (porcine origin) were submitted electro- 
phoresis separate troughs; the parallel experiments were carried out 
simultaneously with and under identical conditions the lyophilized ex- 
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Dilution 


Segment Number (cm) 


Zone electrophoresis starch extract single beef pituitary (inter- 
mediate-posterior lobes only). The experiment was out 
buffer 4.9 200 volts for hours +4° The from each segment was 
assayed for melanotropic activity the Anolis skin method. The material was applied 
the position indicated the arrow. 


tract from the single glands. was found that migrated distance 
origin, the same distances respectively the three components that were 
observed under conditions single ox, sheep and pig pituitaries. 


Finally, investigate whether the mobilities the known MSH’s change 
when they are submitted electrophoresis together instead separate 
troughs, mixture the highly purified MSH preparations was sub- 
mitted electrophoresis fourth trough, along with the other three 
troughs containing the single components. significant differences 
mobilities were noted between the components which were run separately 
and the mixture. 

known that ACTH possesses intrinsic melanocyte-stimulating 
activity (14); hence, was thought that would interest compare 
the electrophoretic mobilities the ACTH components 
melanocyte-stimulating activity with those the MSH components that 


Dilution 
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Segment Number (cm) 


Zone electrophoresis starch extract single sheep pituitary (inter- 
mediate-posterior lobes only). Conditions were exactly the same those shown 
Figure 
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Zone electrophoresis starch 
(intermediate-posterior lobes only). Con- 
ditions were exactly the same those 
shown Figure 


Dilution 


5 2 ihe) 20 cs 


Segment Number 


were obtained this electrophoretic system. None the peaks obtained 
the previous experiments appeared within the area which the melano- 
cyte-stimulating activity the ACTH was located. 

These results demonstrate that different components with melanocyte- 
stimulating activity are present single pituitary gland, and may also 
concluded that not only sheep pituitaries but also single beef and single 
pig pituitaries contain forms MSH. likely that the component 
which migrated cm. from the origin the experiments with single pig 
glands and the material which migrated from 
the origin the experiments with single beef glands 

Although the pituitaries all three ungulate species tested were thus 
all found contain the three different components with MSH activity, 
within each species the degree dilution necessary induce the threshold 
reaction piece lizard skin different for each the three active 
components, and moreover, the ratios the activities each the three 
peaks (Figs. reflected these dilutions appear more less 
characteristic for each species. the basis these ratios, can con- 
cluded that Component which has the same mobility 
the main component the extracts from beef glands, whereas the main 
component the porcine material Component which has the same 
mobility the case the sheep glands, the peaks 
are more nearly equal, with distinct major component. Since compo- 
nents and each have different specific activities, the differences 
these ratios activities within each species not necessarily mean the 
various components are present differing amounts the extracts. 


DISCUSSION 


the basis the results the experiments reported herein, can 
concluded that the first the explanations offered the Introduction, 
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the effect that different types MSH are present single pituitary 
gland, the correct one all instances. Moreover, the results obtained 
the present study with single sheep pituitaries are agreement with pre- 
vious observations (2, that extracts pooled sheep pituitaries contain 
both and addition the a-MSH. The 
apparent discrepancy between beef and pig glands the one hand, from 
which only two types MSH have been isolated (1, 2), and sheep glands 
the other, which three types were found, was fact not real, since 
three different active components were found present the extracts 
all the single glands from each the animal species investigated. can 
seen Figures and the least active component extracts single 
beef glands Component the component which behaves like the glu- 
tamyl form the hormone, and the least active extracts single pig 
glands Component the component which behaves like the form. 
This may explain the fact that these substances were not detected pre- 
vious investigations. 

the findings Lee and Lerner (3), the main component pig pitui- 
taries was MSH; furthermore, and (2, reported the ratio 
taries 1:4. The results the present investigations are not agreement 
with these reports (2, +). These discrepancies quantitative data may 
explained extraction methods and bioassay techniques. 
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PRODUCTION ANTIBODIES HUMAN PITUITARY 
GROWTH HORMONE THE RAT 


The Hormone Research Laboratory, University California, Berkeley, California 


ABSTRACT 


The rat has been shown capable forming antibodies human growth 
hormone. Hypophysectomy apparently has determining influence the 
type antibody formed. 


RECENT report (1) from this laboratory has shown that when growth 
hormone obtained from either human monkey pituitaries was 
injected into hypophysectomized rats, body-weight gains were seen only 
during the first ten days and that after this period growth-promoting 
effect was observed even the daily dosages were increased. Contrariwise, 
either bovine cetacean growth hormone exerted growth-promoting 
effect for long days. Since has been demonstrated that human 
growth hormone (2) more potent antigen the rabbit than the 
bovine hormone (3), was suspected that antibodies were produced the 
rat the injections the human growth hormone, counteracting the 
effect the hormone itself. this communication, data are 
presented which substantiate this hypothesis. 


EXPERIMENTAL 


The human pituitary growth hormone was isolated the procedure previously de- 
scribed (4, 5). Adult female rats the Long-Evans strain, either normal (140 days old) 
hypophysectomized 140 days age were used experimental animals. 
the initial series experiments, group rats days age 
were injected, beginning the 14th day after operation and continuing for period 
days, with daily dose 0.025 mg. human growth hormone the intraperitoneal 
route. After being permitted rest for one week, the animals were then given booster 
injection the amount 0.10 mg., and were bled one week later. The hormone was ad- 
ministered saline solution, and adjuvant was not used. 

the second series experiments, normal adult female rats were injected intra- 
peritoneally with daily dose 0.2 mg. human growth hormone for days, and, 
after being permitted rest for one week, they were then given booster dose mg. 
the hormone and were bled days after this final injection. The hormone administered 
this group was also saline solution without adjuvant. 

For the third series experiments, normal adult female rats were divided into two 
groups each. The animals one these groups were hypophysectomized and im- 
munization was begun days after the operation. The animals the other group were 
left intact, and were started the immunization schedule the same time the 
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hypophysectomized animals. During the first week, injections 200 each human 
growth hormone saline solution were administered days apart, with half each in- 
jection given the subcutaneous route and half the intraperitoneal route. During 
the second week, one injection 400 human growth hormone the adjuvant 
Bayol-Arlacel was given, followed the third week another injection 200 
hormone the same adjuvant. The animals were permitted rest during the 4th and 
weeks, and the 6th week they were given booster injection mg. human 
growth hormone saline solution. The animals were bled the following week. The sera 
from the animals within each these groups were pooled. Since the sera showed weak 
reaction with normal human serum dilution 1:10, the antibodies the serum pro- 
teins were removed the addition small amounts diluted normal human serum, 
and these absorbed sera were used all subsequent experiments. The sera the normal 
and the uninjected hypophysectomized rats served controls. 

Qualitative precipitin ring tests were performed layering 0.2 ml. antiserum 
under 0.2 ml. saline solution containing 0.01 mg. human growth hormone and in- 
cubating for one hour 37°. The procedure followed for the quantitative precipitin tests 
was essentially that Heidelberger and Kendall described earlier (6). Double diffu- 
sion tests agar-gel according the method Ouchterlony were also performed 
previously described (6). The antisera were assayed for anti-hormone activity hy- 
pophysectomized rats the tibia test (7). 


RESULTS 


The sera obtained from the animals the first series experiments, 
those that were hypophysectomized days age and given long-term 
treatment with human growth hormone, contained antibodies the 
precipitating type, evidenced the absence any precipitin bands 
the qualitative precipitin ring test and after diffusion agar-gel (Fig. 1). 
The sera from this group, however, was capable significantly neutralizing 
the growth hormone activity measured the tibia test hypophysecto- 
mized rats (Table 1), indicating the presence soluble antibodies. the 
other hand, the sera from the normal adult female rats the second experi- 
mental group did contain antibodies the precipitating type (Fig. and 
were also able effectively neutralize growth hormone activity hypoph- 
rats (Table 

was deemed interest this point ascertain whether removal 
the pituitary influences the type antibody human growth hormone 
formed. With this view, third series experiments with sera from 
adult rats, both hypophysectomized and intact, was undertaken. Results 
diffusion agar-gel (Fig. and qualitative precipitin ring tests 


recent experiment where rats hypophysectomized days age were 
immunized with total dose mg. human growth hormone given Freund’s 
adjuvant (complete), was observed that the sera these animals contained the pre- 
cipitating type antibodies. This would seem indicate that the differences observed 
earlier the antibody produced the 28-day and the 140-day hypophy- 
sectomized rats are not due any age factor, but rather variation the immuno- 


logical technique and the dosage human growth hormone (added proof, Jan. 17, 
1961). 
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Ouchterlony agar diffusion pattern showing interaction between human 
growth hormone (HGH) and normal rat serum HGH (N/AS), and between HGH and 
rat antiserum HGH from young hypophysectomized rats (H/AS). 


showed the presence the precipitating type antibodies the serum 
from both groups. Quantitative precipitin curves for the animals both 
groups were very similar, and the equivalence point each case was 
reached when the antigen, human growth hormone, was added. 
typical precipitin curve for the human growth hormone-rat antiserum 
system shown Figure 


THE INFLUENCE RAT ANTISERUM HUMAN GROWTH HORMONE 
(HGH) THE BIOLOGICAL HGH DETER- 
MINED THE STANDARD 4-DAY TIBIA TEST 


Group* No. rats Tibia plate width 


Saline 

HGH 244+6 
HGH+N/AS 
HGH+H/AS 


Human growth hormone (HGH) was given dosage 0.010 daily for 
hypophysectomized rat antiserum (H/AS), 0.5 ce. daily; normal rat 
0.25 serum from hypophysectomized rats (rat serum (H)), 0.5 daily. 
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Fig. Ouchterlony agar diffusion pattern showing interaction between human 


growth hormone (HGH) and normal rat serum HGH and between HGH and 
antiserum HGH from adult hypophysectomized rats (H/AS). 


_ 


Quantitative precipitin curve 
obtained from the reaction rat anti- 
serum (0.5 human growth hormone 
(HGH) with HGH. 
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DISCUSSION 


has been unequivocally demonstrated the results these studies 
that the rat able form antibodies human growth hormone. The 
cessation body weight gain after days observed the long-term ex- 
periments with the primate hormones (1) mentioned above, may appar- 
ently accounted for neutralization the growth hormone effect 
these antibodies. The presence antibodies the precipitating type 
serum from both normal and hypophysectomized adult rats and the simi- 
larity between the precipitin curves and equivalence points observed for the 
antigen-antibody systems both, leads the conclusion that hypohy- 
sectomy the animal does not have any determining influence the 
antibody formed the animal. This conclusion was supported 
results unpublished studies with human gamma globulin antigen in- 
stead growth hormone, wherein adult hypophysectomized and intact 
rats were both observed form antibodies the precipitating type. 
may interest note here that the equivalence point for the human 
growth hormone-rabbit antibody system also located and fur- 
thermore, that was observed the present experiments that the rabbit 


Fic. Ouchterlony agar diffusion pattern showing cross reaction between rabbit 


and rat antibody human growth hormone (HGH). rat antibody, rabbit anti- 
body. 
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and the rat antibodies human growth hormone cross-react with one 
another (Fig. has also been observed that human and monkey growth 
hormones cross-react with one another when rat antiserum the human 
hormone used; these results are agreement with earlier data obtained 
with the rabbit antiserum (6). 
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activity, and lipid the adrenal cortex normal and hypoph- 
ysectomized rats which have been submitted standard stress. The 
results are correlated and interpreted the light some recently ad- 
theories ACTH function cortical metabolism. 


THE HISTOCHEMICAL DISTRIBUTION AND METABOLIC 
SIGNIFICANCE GLUCOSE-6-PHOSPHATE DEHYDRO- 


GENASE ACTIVITY, GLYCOGEN AND LIPID THE 
STIMULATED ADRENAL 


RICHARD COHEN 


Department Pathology, Harvard Medical School, and the James Homer Wright 

Pathology Laboratories the Massachusetts General Hospital, 
Boston, Massachusetts 
ABSTRACT 
The adrenal cortices normal and hypophysectomized rats subjected 
cold stress varying duration were studied using histochemical methods 
determine the distribution glucose-6-phosphate dehydrogenase activity, gly- 
cogen, and lipids. was found that glucose-6-phosphate dehydrogenase 
activity did not vary distribution intensity response stress either 
the normal hypophysectomized animals, but remained concentrated the 
reticular and fascicular zones. the normal animal, although dis- 
tributed the same areas the enzyme, was depleted rapidly stress, often 
disappearing from the cortex after only minutes stress. This was much 
more rapid than was the response lipid stress. Glycogen was usually well 
its way repletion before cortical lipid was its lowest ebb. Neither glyco- 
gen nor fat responded stress the hypophysectomized animals. sug- 
gested that glycogenolysis initiated ACTH provides substrate for the 
glucose-6-phosphate dehydrogenase, this setting into motion the initial steps 
the pentose phosphate pathway carbohydrate metabolism. This provides 
the energy and reduced triphosphopyridine nucleotide required for steroid syn- 
thesis and results the utilization cortical lipid stores. The histochemical 
method provides distributional data pertinent the evaluation theory 
ACTH function derived from the use other technics. 


THIS paper report investigation using histochemical methods 
determine the distribution glucose-6-phosphate dehydrogenase 


MATERIALS AND METHODS 


Sixty normal and hypophysectomized male and female white rats were used. The 
animals were kept standard laboratory diet and acclimatized the animal room 
for least week. The hypophysectomized animals were included experiment 
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when they were from days postoperative. each experiment series rats, 
under identical conditions, were submitted temperature for periods time 
varying from minutes hours cold room. Each series normal and hypophy- 
sectomized rats exposed cold included unexposed control. the completion 
the prescribed period stress the animals were sacrificed blow the head. Both 
adrenals were immediately removed, and frozen sections micra thick were cut 
cryostat (—18° C). Each section used constituted cross section the gland. 

Glucose-6-phosphate dehydrogenase activity was demonstrated unfixed sections 
technic previously described using hydrogen acceptor and indicator 
the site enzyme activity (1, 2). 

Glycogen distribution was demonstrated sections previously fixed for minutes 
cold (4° absolute These were then submitted the acid Schiff 
(PAS) reaction. prove the identity PAS positive material glycogen similarly 
prepared sections were submitted diastase digestion prior application the PAS 
reaction. fixation removed any confusion that might have been offered corti- 
cal lipids. 

addition parallel sections were fixed for from one three hours 10% formalin 
and reacted with the Sudan stain for lipids. 


RESULTS 


Neither stress nor hypophysectomy affected the distribution glucose- 
6-phosphate dehydrogenase activity the adrenal cortex. the cortices 
both stressed and control normal rats enzyme activity was concentrated 
the cytoplasm cells the fascicular and reticular zones. The zona 
glomerulosa was sharply these sections its comparative 


lack activity (Fig. 1). the hypophysectomized animals the inner zones 
were markedly narrowed measuring more than one-third one-half 
their width the normal animal. The fasciculata and reticularis that re- 
mained, however, showed considerable enzyme activity, and the rough 


Glucose-6-phosphate dehydro- 
genase activity the normal cortex 
concentrated the fascicular and reticular 
zones with comparatively slight activity 
the glomerulosa. 100. 


Ditetra- 
zolium; Dajac Laboratories, Philadelphia. 
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distributed the fascicular and reticular zones the normal con- 
trol. The glomerulosa contains Dense staining the capsule and the 
reticular network the medulla diastase resistant; therefore not PAS 
Fig. Glycogen distribution the normal animal after minutes exposure cold 
showing regression glycogen particularly from outer fascicularis. Staining capsule 
diastase resistant. PAS 
Complete depletion glycogen from the fascicular and reticular zones after 
minutes cold stress. The glomerulosa still retains its original small concentration 
glycogen. Capsular and medullary staining are diastase resistant. PAS 


methods quantitation available us, appeared proportionate that 
the normal gland. 

the normal control animal glycogen was richly distributed the cyto- 
plasm the cells the fascicular and reticular zones. The glomerulosa 
contained considerably less this substance. The distribution glycogen 
paralleled that glucose-6-phosphate dehydrogenase activity (Fig. 2). 
After minutes stress considerable depletion glycogen was evident 
the outer and mid-fascicular areas (Fig. 3), and the animals stressed 
from minutes hour glycogen was longer discernible the cortex 
(Fig. 4). The small concentration glycogen the glomerular zone was 
not appreciably affected this stimulus. the duration cold exposure 
increased glycogen reaccumulated and hours was clearly evident 
the reticular zone and hours was reestablished roughly the 
same distribution and quantity the control. the hypophysectomized 
animal glycogen was prominent the narrow inner zone remnant and ap- 
peared undergo little variation response stress. 

The response the cortical lipid the normal and hypophysectomized 
animals stress conformed that observed others (3). the normal 
animals gradual depletion lipid was first evident the reticular zone 
with extension this loss into the fascicular zone. Lipid loss appeared 
maximal after hours exposure (Fig. 5). The glomerulosa remained 
rich lipid which did not The narrowed fascicular and reticular 
zones the hypophysectomized animals contained somewhat reduced 
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Lipid depletion the reticular and zones the normal animal 
exposed hours cold. Lipid the glomerular zone remains intact. Sudan 

Lipid distribution the cortex the control hypophysectomized animal. 
Sudan 


cold. There little difference lipid content and distribution between this adrenal and 
the control Fig. Sudan 


lipid stores but considerable lipid was still present and this did not fluctuate 
appreciably response stress (Figs. 7). 
DISCUSSION 

The adrenal cortex one the mammalian tissues which utilizes the 
alternative mechanism the pentose phosphate pathway for the 
lism carbohydrate greater extent than most other tissues (4, 5). 
This may correlated with the evidence provided Haynes (6, who 
showed that adrenocorticotrophin (ACTH) may act, least part, 
promote steroid synthesis through stimulation adrenal phosphorylase 
activity. This results and the production glucose-1- 
phosphate and glucose-6-phosphate. The latter substance oxidized via 
triphosphopyridine (TPN) mediated dehydrogenation 6-phosphoglu- 
acid with the reduction TPN TPNH. The acid turn oxida- 
tively decarboxylated using TPN coenzyme with the production 
ribulose-5-phosphate and more TPNH. From the point view adrenal 
cortical metabolism, this significant that sets the basis for 
hypothesis into which ACTH activity may logically integrated the 
stimulant which sets into motion metabolic mechanism producing energy 
and which the same time TPNH generator. TPNH important 
reductant the enzymatic hydroxylations the steroid molecule, and 
more recently has been implicated more proximal point steroid 
synthesis, having been found necessary for the splitting the cholesterol 
side chain (8). 
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previous paper have utilized histochemical technic localize 
glucose-6-phosphate dehydrogenase activity the adrenal cortex the 
resting rat. The enzyme was very active the fascicular and reticular 
zones, and comparatively low the glomerulosa (2). The finding high 
activity glucose-6-phosphate dehydrogenase the inner zones logical 
since this area which responds most actively acute stress and ACTH 
administration. here that would expect find requirement for 
mechanism which would produce rapidly available energy and the same 
time generate TPNH. 

the animals observed this study neither stress nor hypophysectomy 
appears affect the distribution intensity activity glucose-6- 
phosphate dehydrogenase. Glycogen, although concentrated the same 
zones the enzyme, rapidly affected stress and markedly depleted 
within minutes the onset exposure cold (9). Complete disap- 
pearance glycogen from the fascicular and reticular cortex occurs 
minutes hour. The cortices the hypophysectomized animals al- 
though well supplied with glycogen show little response this 
gen stress. Thus, ACTH does not appear affect appreciably the in- 
tensity distribution glucose-6-phosphate dehydrogenase activity, but 
perhaps functions through its stimulation provide 
ready supply substrate for the enzyme. the hypophysectomized animal 
which lacks ACTH the stimulus glycogenolysis absent and though ap- 
parently ample enzyme, lipid and glycogen are present, the mechanism 
not initiated (Fig. 8). The relationship between the fluctuation lipid and 


NORMAL AND HYPOPHYSECTOMIZED RATS STRESSED COLD 


(4° 
NORMAL 


HYPOPHYSECTOMIZED 


GLYCOGEN 


TIME HOURS 


These are representative curves glycogen and lipid fluctuation response 
cold the cortices normal and hypophysectomized animals. 
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glycogen response stress the normal animal interesting and 
outlined the graph Figure The glomerulosa contains the least glyco- 
gen the cortex and this remains stable despite stress. The next lowest 
concentration glycogen appears the outer fascicular zone and this 
rapidly depleted response stress. Greatest concentrations are pres- 
ent the mid-fascicular and reticular areas and glycogen persists for the 
longest time this area the stressed cortex. Lipids, the other hand, 
are least concentrated and disappear most rapidly from the reticular and 
inner fascicular zones. The fats the cortex not become markedly de- 
pleted until glycogen well its way repletion. portion this 
lipid represents steroid precursor may postulated that the initial 
breakdown glycogen provides energy and TPNH for rapid synthesis 
steroids which are secreted the early stages stress but not reduce 
lipid stores sufficiently discernible histochemical examination. 
the stress prolonged into hours glycogen may reformed perhaps 
accelerated rate keeping pace with the increased glycogenolysis. This would 
provide energy necessary for maintenance the increased steroid synthesis 
that ultimately consumes lipid stores. hours exposure cold 
demonstrable glycogen reaccumulates the cortex, and may assumed 
that despite the continued stress the rate synthesis exceeds the rate 
breakdown and consumption. hours less the lipid stores also return 
apparently normal Both elements this stage may, however, 
turning over accelerated rate which cannot measured the histo- 
chemical 

this investigation the use histochemical methods which give 
and distributional data have attempted provide supple- 
mentary information for consideration evaluating concept ACTH 
function adrenal cortical metabolism. None the data accumulated 
these experiments preclude the possibility that ACTH may act more 
than one level cortical metabolism. 
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NOTES AND COMMENTS 


ATROPHY THE FETAL MOUSE ADRENAL FOLLOWING 
DECAPITATION 
ABSTRACT 


decapitated mouse fetuses and litter-mate controls, the the de- 
capitation upon the adrenal cortex were determined 
studies. The results were essentially like those heretofore reported for the rat. The 
lipid-free zone the rat cortex was not observed, however, mouse fetuses, neither 
decapitated fetuses nor controls. general, the adrenals decapitated fetuses 
were smaller than those controls, both absolute volume and the ratio 
Microscopically, the adrenals fetuses differed 
from those controls the following respects: the cortex was narrower; the cortical 
cells were smaller, less eosinophilic and more vacuolated; the lipid cells were 
larger and more widely separated from each other. These volumetric and histologic 
changes varied more less directly with the duration the decapitation. They were 
very conspicuous when the experimental period the interval between days 


order study the role the hypophysis the adrenal development fetal rat 
several workers removed the fetal decapitating the fetus, and found that 
decapitation resulted retardation adrenal growth and that this retardation 
could prevented injected ACTH (2, 6). the period absence hypophysis 
lengthened, the changes the weight and histology the adrenal were 
would special interest know whether not the retardation growth the 


fetal adrenal after decapitation takes place species other than the rat and rabbit (7). 

The present study was undertaken order determine whether the adrenal the 
fetal mouse would undergo atrophy after decapitation fashion similar that de- 
the rat. The experimental plan was like that Cohen (4) that the 
tion was performed different days pregnancy and also that the duration the 
experiments after the decapitation was varied. 


MATERIALS AND METHODS 


Female albino mice the strain (8) were placed with males overnight, and were 
examined the next morning for the presence copulation plugs. The day observation 
plug was counted day pregnancy. 

Pregnant females were subjected laparotomy for the decapitation fetuses utero, 
method which has been described (9). One fetuses per litter were decapitated, and 
this operation was performed different days pregnancy, i.e., days 16, and 18. 
The autopsies were performed days after the operation. Intact (non-decapitated) 
litter-mates served controls, and they were decapitated just before weighing (Table 1). All 
fetuses were weighed individually. 

The left adrenal together with the kidney was fixed Bouin’s fluid, embedded 
and series The sections were stained with hematoxylin and eosin. From 
the stained sections, the volume the adrenal was determined the paper-weight method. 
Every 4th section was traced onto ledger paper with the aid camera lucida. 

The right adrenal was fixed 10% formalin, frozen and sectioned The sections 
were stained with Sudan black for lipids. 


RESULTS 


The results were essentially like those previously reported the rat, and the changes 
the adrenal the decapitated mouse tended vary directly with the length the 
experimental period, i.e., with the length period absence head. The lipid-free zone 
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TABLE 1. AVERAGE BODY WEIGHTS AND ADRENAL VOLUMES IN 
DECAPITATED FETUSES AND IN CONTROLS 
of experi-| No. of volume 
ay of | Day of wt. (gm.) Body wt. (gm.) 
(cays tation fice Av. c-DC 
3D 0.34 5.0 14.7 
6 ¢ 0.39 6.0 15.5 
0.51 5.6 10.9 
0.45 | 5.9 13.2 
5D 0.70 8.1 11.3 
4 3 18 19 17 
9¢ 0.64 8.6 13.6 
5D 0.47 5.5 
4 4 16 18 19 
9 ¢ 0.49 6.9 14.4 
9 
0.69 7.2 10.4 
3 5 17 19 22 
10C 0.57 | wad 13.4 
3D 0.62 6.2 10.1 
3 2 6 16 19 25 
7C 0.63 8.4 13.4 


* D, decapitated fetus; C, control fetus. — 
+t Headless weight (controls decapitated just before weighing). 


the cortex the rat adrenal was not however, similar zone the 
mouse adrenal (zone absent decapitated fetus and control fetus well). 

The adrenals fetuses were generally smaller than those controls, 
both absolute volume and the ratio body 

The study showed that the adrenals controls the epithelial cells 
the outer cortical zone were small and packed; those the intermediate zone 
were large and arranged cords; the outer and intermediate zones were rather clearly 
defined. the adrenals decapitated fetuses, any demarkation between outer and in- 
termediate zones was difficult define; the cortical cells the position the intermedi- 
ate zone controls were shrunken and packed closely together. 

Changes the pattern lipids were most marked the intermediate zone, and this 
was especially true the decapitated fetuses Groups and The lipid granules 
the cortical cells the decapitated fetuses were larger and more widely separated from 
each other than those the cortical cells the litter-mate controls. 

These several changes, volumetric and histologic, tended increase progressively 
with increase the duration the experiment. Also, they were very conspicuous 
those cases which the period decapitation included the interval from Day Day 
(Groups and 6). 

The effects decapitation upon the adrenal were smallest Group The 
volume /body the experimental fetuses was only slightly smaller than that 
the controls, this point being reflected the tabulated “C-D/C” value .05. The histo- 
logical characteristics the cortex were scarcely changed all. 

Group the experimental period was the same length that Group one day, 
but the period extended from Day Day 18. The larger value .17 sug- 
gests that during the interval between Day and Day the developing hypophysis 
stimulates the growth the adrenal cortex. 

Group the same value .17 was accompanied, however, conspicu- 
ous microscopical changes the cortex, especially the lipid pattern the intermediate 
zone. the fetuses the lipid granules were larger and more widely separated 
from each other than were those the controls. This supports the view that the hy- 
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pophyseal control cortical secretory activity greater between Day and Day 
than that between Day and Day because the cortical lipid granules are considered 
intimately associated with the secretory function the cortex. The fact that 
Groups and had the same values suggests that the adrenal may have 
some extent the capacity (some growth without benefit hypophyseal 
hormone). 


Groups and all Day 19, the lipid granules the cortex were 
very large. Considering this and the other observations, seems probable that during 
fetal life the action the hypophysis upon the adrenal cortex first mainly the size 
the adrenal and later mostly the secretory function the adrenal. 


DISCUSSION 


According Cohen (4) who studied rat fetuses, the experimental absence the head 
between Days and between Days and produced large damaging effects 
upon the adrenal, but similar absence head between Days and between 
Days and produced more than slight effects. Cohen (4) concluded that the 
stimulating action the hypophysis upon the adrenal reaches peak between Days 
and and then declines during the remaining days pregnancy. 

the present studies mice, the adrenal-stimulating activity the hypophysis 
seems gradually Day pregnancy. The experiments were not de- 
signed determine the extent this activity during the period between Day and 
term. seems likely that decreases just before term, however, because the volume 
the adrenal reduced birth (10). 

The conclusion that the mouse fetus the adrenal under the stimulating influence 
the hypophysis the 19th day pregnancy supported two related findings. 
First, the normal fetus ascorbie acid was first observed Day 19, time when 
hypertrophy the mitochondria the cortical cells also was observed (11). Second, 
maternal adrenalectomy reduced the quantity lipid and the size the lipid granules 
the adrenal cortex the fetus (10). 
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CHANGES OSMOLARITY THE CEREBRAL 
VENTRICLES AND DIURESIS* 
ABSTRACT 

dogs under light anesthesia the cerebral ventricles were perfused with 
normotonic, solutions. Several hours after the beginning 
the experiments pronounced influences urine flow were observed those ani- 
mals which showed good kidney function. Perfusion the cerebral ventricles 
with hypotonic solution produced after about minutes marked inerease 
urine flow. Mean increases diuresis 351%, 555% and 378% were observed. Re- 
turning perfusion with iso- hypertonic solution diuresis again decreased. 


his studies (1, demonstrated that the injection small 
amounts hypertonic salt solutions the carotid artery trained unanesthetized dogs 
provokes marked inhibition the diuresis which occurs after water load. From his 
experiments that the the antidiuretic hormone (ADH) the 
neurohypophysis under the control osmoreceptors somewhere 
the brain. the pressure the plasma would stimulate the ADH 
secretion through these receptors. assumed that, inversely, the decrease the osmotic 
pressure produces inhibition the ADH release. the present experiments the 
influence diuresis changes the pressure the level the central nervous 
system has been investigated. 


METHODS 


The experiments were carried out dogs under light anesthesia. After indue- 
tion anesthesia the animals received stomach tube water load equal 2-3% their 
body weight. slow intravenous infusion glucose solution drops/min.) was also 
maintained during the experiment. The urine was continuously collected 
catheters introduced both ureters and measured regular time intervals (every 
min.). perfusion the cerebral ventricles was made using technique which has been de- 
earlier publications (3, 4). The solutions used for the perfusion the cerebral vent- 
ricles had basically the composition the normal cerebrospina! fluid. However, altera- 
tions their NaCl concentration, they were made isotonic, (40% below isotonicity) 
(20% above isotonicity). The experiment itself was started hours after 
the induction narcosis and the preparation the animals with the purpose diminishing 
much possible the influence the narcosis the renal function. relation with this 
procedure, may mention that GAUER al. (5) also obtained their results concerning the 
influence negative pressure respiration diuresis only several hours after the start their 
experiments. 


RESULTS 


the experiments carried out far, the following results were obtained. four 
the animals the diuresis the control conditions was constantly very low (less than 
per min. during the cerebral perfusion with the normal solution) and 
increase urine flow was observed the hours which followed the preparation the 
animals. Changing the perfusion from the normal solution fluid these 
animals did not produce any reaction. 


the other animals which the urine flow during the continued perfusion the 


Preliminary communication: Arch. internat. Physiol. Bioch., 1960, 68, 372. 
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isotonic fluid progressively the hours following the preparation the ani- 
mals, striking observations were made when the osmotic pressure the cerebral ven- 
tricles was changed. Proceeding from the perfusion with the normal solution 
that with the fluid, marked increase urine flow was observed after 
about minutes perfusion. Returning the perfusion with the normal isotonic 
fluid diuresis again decreased progressively. When instead the fluid, the hyper- 
tonic solution was perfused after the solution, the decrease the diuresis 
was very rapid and (Fig. 1). This phenomenon could regularly reproduced 
returning the perfusion with the hypotonic solution. Usually the first 
responses perfusion with the hypotonic solution were not very marked. But the reac- 


25 50 


75 


100 


125- 150 175 200 225 250 275 300 325 350 min 


Dog kg. Urine flow per min.) successive perfusions the cerebral 
ventricles with (N) and (H) solutions. Start the experiment 
hours before time. 


tion more pronounced perfusion with the fluid 
that mean diuresis 351%, 555% and 378% were observed. The results 
the last perfusions with the hypotonic solution are summarized Table was 
also observed that continued perfusion with the hypotonic solution the diuresis 
usually was not kept its maximal level but that decreased again spontaneously after 
about minutes. The urine which was collected during the diuresis was very diluted, 
indicating water diuresis. some cases the total amounts Na, dur- 
ing the water diuresis were slightly lower than during the control periods, sometimes 
however this did not occur. 

During the perfusion the solutions, other important changes the 
animals were observed: the heart rate did not change markedly, the blood pressure 
showed slight decrease somewhat. 

These observations confirm that the central nervous system structures sensitive 
the osmolarity NaCl concentration influence the neurohumoral control the water 
excretion the kidney. The time lag minutes between the start perfusion 
with the solution and the response probably represents the time 
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URINE FLOW PER MIN.) AND AND CONCENTRATIONS THE URINE 
SUCCESSIVE PERFUSIONS THE CEREBRAL VENTRICLES WITH NORMO- HYPER- 
TONIC (CONTROL) AND HYPOTONIC SOLUTIONS. FIRST DIURETIC RESPONSES 
THE ANIMALS HOURS AFTER THE BEGINNING THE EXPERIMENTS 


Control 


Hypotonic Control Hypotonic 
rfus : 


Control Hypotonic 
perfusion perfusion perfusion 


perfusion perfusion 


Dog: weight 


kg. 


urine flow 


Na m.eq./l. 
Na m.eq./] 
K m.eq./1. 


457 


to 


1300 


25 300 


wl 


necessary for inactivation the ADH present prior the onset perfusion with the 
solution (2). 

Measurements indicated that the fluid which perfused the ventricles was practically 
completely recovered, that extra uptake the circulation fluid during the per- 
fusion with the solution has taken into consideration factor re- 
sponsible for the observed response. These experiments show the possibility 
approach the study the role the central nervous system the control 
the metabolism water and electrolytes. 

Leusen, Lacrorx 
Laboratory 
University Ghent, Belgium 
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REVALUATION THE EFFECT PARATHYROID HORMONE 
MUCOPOLYSACCHARIDE METABOLISM 


ABSTRACT 


with its theoretical basis, provided which suggests that the ele- 
vation serum mucoproteins observed after PTE could not attributable 
resorption bone matrix. 


Several recent studies have exhibited rise serum mucoprotein and sulfate frac- 

tions after administration prepared Parathyroid Extract (PTE) 
rats has been suggested that these elevations were manifestation muco- 
polysaccharide breakdown bone matrix subsequent enhanced bone resorption. 
treating PTE with formaldehyde, Shetlar al. (5) cited preliminary evidence for 
dissociation its mucoprotein elevating effect and calcium mobilizing activity. 
Perforce, the conclusion was entertained that the former effect may attributed 
extraneous protein the PTE rather than the hormone 

Were one assume that demineralization bone must precede any attack the 
matrix, view shared the Neumans (6) their summation available evidence, 
may shown that the rise serum mucoprotein observed after PTE could not have 
originated from bone matrix. One can within reasonable limits, that the in- 
crease serum calcium which would have accompany that observed for serum 
mucopolysaccharides would fantastically high. 

sample calculation presented for estimation the serum calcium rise which 
would have the rise serum mucoprotein-carbohydrate observed 
Engel (1) twenty-four hours after administration 300 units PTE rats. 

The elevation serum mucoprotein-carbohydrate above normal 
about mg.%. 

The average weight the animals used was 200 gm. Assuming that the extra- 
cellular fluid and plasma compartments are 20% body weight, 6.4 mg. carbohydrate 
would have removed from bone matrix account for the observed rise serum 
mucoprotein-carbohydrate. 

Eastoe al. (7), complex contributes 
0.24% the total weight bone. The loss mucopolysaccharide-carbohydrate given 
(b) would necessitate the loss least 2666 mg. bone plus inorganic 
constituents). 

Since contributes minimum 25% the total weight bone, the re- 
sorption 2666 mg. would contribute extra 660 mg. calcium distributed 
throughout the extracellular fluid compartments and/or 

The increased calcium the kidneys during the twenty-four-hour 
period after PTE administration rats observed Talmage al. (8) was negligible 
compared the estimated amount (d) released from bone. 

account for the elevation serum mucoprotein-carbohydrate. 

Shetlar al. (2) observed serum mucoprotein-carbohydrate rise about mg.% 
twenty four hours after PTE administration, which would necessitate serum calcium 
increase close 1800 Not enough published data are available from the studies 
Bradford al. (3) and Bronner (4), which elevated serum sulfate fractions were 
observed, permit similar calculations made. 

The hypothesis advanced that extraneous material PTE influences normal pro- 
duction and/or serum mucoproteins the liver. 
for this suggestion provided experiments utilizing isolated perfused rat livers and 
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eviscerated animals (9) which indicate that 95% the serum mucoproteins are 
synthesized the liver. The problem the relationship between parathyroid activity 
and serum mucoprotein levels may well resolved studies utilizing highly purified 
parathyroid hormone (10). 

Department Pharmacology 
School Dentistry and School Medicine 
University Buffalo 
Buffalo, New York 
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THE HYPOGLYCEMIC ACTION SIMIAN AND BOVINE GROWTH 
HORMONE HYPOPHYSECTOMIZED RHESUS 


ABSTRACT 

Simian growth hormone when administered fasting 
rhesus monkeys causes marked hypoglycemia leading convulsions and coma. 
The injection bovine growth hormone such animals without Simian 
growth hormone does not influence the blood glucose concentrations fed hypophy- 
sectomized fasted normal monkeys. 

These findings suggest that the insulin-like action growth hormone inher- 
ent property the growth hormone molecule, since shares the 
exhibited other criteria growth hormone activity. 

Repeated reports action non-primate growth hormone prepa- 
rations man (1, have suggested the possibility that these preparations, while 
generally ineffective promoting nitrogen retention may nevertheless 
produce alterations carbohydrate metabolism characteristic those associated with 
the action growth hormone lower mammals. 

Although sheep prolactin preparations have, produced reduction 
glucose tolerance and insulin sensitivity hypophysectomized monkeys, purified bovine 
and growth hormone preparations were invariably without effect this regard 
(5). The administration bovine growth hormone and normal 
monkeys, however, has led several instances decrease blood sugar concentra- 
tion and increases insulin sensitivity and glucose tolerance (5). The possibility that 
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bovine growth hormone may share with simian growth hormone the capability in- 
ducing hypoglycemia fasting hypophysectomized monkeys was investigated 
means the following experiments. 


MATERIALS AND METHODS 


Twenty-one experiments were performed normal and hypophysectomized male 
rhesus monkeys. The latter were utilized from following the operation, the 
completeness which was evidenced cessation growth, failure sexual development, 
increased insulin sensitivity and glucose tolerance, well diminished thyroid function. 
The and feeding these hypophysectomized monkeys have been described detail (5). 

The normal animals were fasted for hours before hormone injection, while food was 
withheld from the hypophysectomized monkeys hours before initiation experiments. 
mg./kg.) and growth hormone mg./kg.) were given 
single intramuscular injection time the experiment. Blood samples were obtained 
30-minute intervals thereafter for hours. 

The non-fasted animals were allowed access food the time hormone injection. 

Control experiments were performed identical manner, saline being substituted for 
the growth hormone injections. 


Blood glucose concentration was determined the Somogyi modification (6) the 
Nelson (7) method. 


RESULTS AND DISCUSSION 
Simian growth hormone (0.5-1.0 mg./kg.) when given single intramuscular 
injection fasting hypophysectomized monkeys, produced marked hypoglycemia re- 
sulting convulsions and coma approximately hours after the injection the 
hypophysectomized animals studied. Bovine growth hormone given twice the dose 


MONKEY No.89, HYPOX. MALE 
(3.9 Kg.) 


BLOOD 
GLUCOSE 


Mg %o 


120 
MINUTES 


160 200 


240 


Effects single intramuscular injection (given time) simian growth 
hormone (SGH) and bovine growth hormone (BGH) the blood glucose concentration 
fasting hypophysectomized monkey. SGH=0.5 mg./kg.; BGH=1 
Control =Saline injection. 


The simian growth hormone (lots M425B and M334B-41B) was prepared and kindly 
provided Dr. Wilhelmi. 


The bovine growth hormone was gift the Endocrinology Study 
Section, National Institutes Health. 
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used for the simian preparation, and under identical conditions, had hypoglycemic 
effect. The insulin-like action the simian hormone was abolished when the hypophy- 
sectomized animals were permitted access food the time hormone injection. 
representative series experiments single hypophysectomized animal illus- 
trated Figure 

Neither simian nor bovine growth hormone had significant hypoglycemic effect 
when administered normal, fasting monkeys. 

These findings suggest that the well documented insulin-like action growth hor- 
mone (see for review) inherent property the growth hormone molecule since 
shares the exhibited the other criteria growth hormone 
activity studied date (5). 

Department Physiology 
Harvard Medical School 
Boston, Massachusetts 

Predoctoral Research Fellow the National Cancer Institute, United States Public 
Health Service. 
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THE ENDOCRINE SOCIETY 


The Forty-Third Annual Meeting the Endocrine Society will held 
the Hotel Biltmore, New York, Y., Thursday, Friday and Saturday, 
June 22, and 24, 1961. 

All members are urged make their hotel reservations immediately. 
The Biltmore will hold 300 bedrooms for members until May 1961, after 
which time the hotel will not guarantee further reservations. Therefore 
imperative that you make your reservations early, directly with the 
hotel, advising them time and date arrival and departure. you 
plan remaining through June for the American Medical Association 
and other meetings, imperative that your reservations made from 
June directly through the A.M.A. Housing Bureau. 

Final program, membership card and advance registration forms will 
sent May 1961 members whose current dues have been paid. 


1961 AWARDS 
AWARD 


During the past substantial legacy has been bequeathed the So- 
ciety the late Elizabeth Koch for the purpose establishing the Fred 
Conrad Koch Memorial Fund memory her late husband, distin- 
guished service professor physiological chemistry the University 
Chicago and pioneer the isolation the androgens. This the 
highest honor the Endocrine Society and represented medal 
that known the Koch Medal The Endocrine Society. The 
medal and honorarium $3,500 given annually individual 
for work special distinction endocrinology. 

The recipient shall chosen from nominations presented members 
the Society and limited citizens the United States and Canada. 
This award will replace the Medal the Endocrine Society which was es- 
tablished 1954 and presented Dr. Carl Moore 1955, Dr. Frederick 
Hisaw 1956, Dr. Joseph Aub 1957, Dr. Chaikoff 1958, 
Dr. Wilbur Swingle 1959 and Dr. Emil Witschi 1960. The En- 
docrine Medal replaced the Squibb Award which was formerly the 
highest honor bestowed the Society. Past recipients the Squibb 
Award were Dr. George Corner 1940, Dr. Philip Smith 1941, 
Dr. Fred Koch, 1942, award was given 1943, Dr. Doisy 
1944, Dr. Kendall 1945, Dr. Carl Hartman 1946, Drs. Carl 
and Gerty Cori 1947, Dr. Fuller Albright 1948, Dr. Herbert Evans 
1949, Dr. Long 1950, Dr. Collip 1951, Dr. James 
Means 1952 and Dr. David Marine 1953. 


AWARD 


The Ciba Award, recognize the meritorious accomplishments in- 
vestigator who has not attained his 36th birthday June Ist the year 


726 


4 
ie: 


? 


April, 1961 THE ENDOCRINE SOCIETY 
the award presented, the field clinical preclinical endocri- 
nology, was established 1942, but recipient was selected 1942 
1943. 1944 the Award was presented Dr. Astwood, 1945 
Dr. Jane Russell, 1946 Dr. Martin Hoffman, 1947 Dr. Choh Hao 
Li, 1948 Dr. Carl Heller, 1949 Dr. George Sayers, 1950 Dr. 
Hechter, 1951 Dr. Albert Segaloff, 1952 Dr. Seymour Lieberman, 1953 
Dr. Sidney Roberts and Dr. Clara Szego (Mrs. Roberts), 1954 Dr. Isadore 
Rosenberg, 1955 Dr. Jack Gross, 1956 Dr. Alfred Bongiovanni, 
1957 Dr. Nicholas Halmi, 1958 Dr. Monte Arnold Greer, 1959 Dr. Gor- 
don Farrell and 1960 Dr. Don Nelson. Prior 1952 the Award was 
$1,200. has now been increased $2,500. 


THE AYERST AND THE SQUIBB FELLOWSHIPS 


The Fellowship was established 1947 and the Squibb Fellow- 
ship 1956. They are designed assist men women exceptional 
promise furthering their advancement towards career endocrinology. 
Fellowship awarded alternate and the stipend, which will 
not exceed $5,000 may divided into two Fellowships varying amounts 
accordance with the qualifications the appointees. Individuals pos- 
sessing the M.D. Ph.D. degree, candidates for either these degrees, 
are eligible for appointment. 

Applicants must submit the following information: 

progress. 

Recommendations from individuals familiar with the candidate and 
his work. 

proposed program study. 

Acceptance the individual the head the department which 

the Fellowship will held. 

statement that she will serve full time awarded Fellow- 
ship. small amount time (10 per cent) may spent 
course work participation teaching, the latter purely volun- 
tary basis. 


The Council The Endocrine Society has established category 
Scholars. These grants have been made available through the generosity 
the Upjohn Company, and will awarded established investigator 
teacher the field endocrinology who wishes extend the oppor- 
tunities for work either this country abroad. 

The award will not exceed $2,500 annually and will granted the 
basis proposals submitted the applicant. Such applications should 
include estimated financial needs. The funds may used for travel, 
maintenance and other expenses. 
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THIRTEENTH POSTGRADUATE ASSEMBLY 
ENDOCRINOLOGY AND METABOLISM 


UNDER THE THE SOCIETY AND THE 
NATIONAL INSTITUTES HEALTH 
BETHESDA, MARYLAND 
2-6, 1961 
comprehensive review clinical endocrine problems and current re- 
search activity these areas will presented. 
For further information write to: 
Dr. Roy Hertz 
National Institutes Health 
Building 
Bethesda 14, Maryland. 


The fee will $100.00 for physicians with reduction $30.00 for 
and Fellows. Enrollment limited 100. 
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TRAINING PROGRAM THE PHYSIOLOGY 
REPRODUCTION 


recognition the world-wide need for scientific training reproduc- 
tive physiology, the Worcester Foundation for Experimental Biology plans 
continue the postdoctoral program this field under grant from the 
Population Council. Starting 1962, the annual program will commence 
February first. 

Fellowships for the program will awarded candidates possessing 
the Ph.D. M.D. degrees, their equivalents. These Fellowships will 
stipend $5,500 per annum and will for twelve-month period. 
allotment will also made for round-trip travel Shrewsbury 
Massachusetts. Application forms may secured from the Program Di- 
rector the course the Physiology Reproduction, and should re- 
turned not later than June first. They will processed advisory and 
selection committee comprised experts, and the Fellowship awards will 
announced September 15. 

Individuals interested participating the program may communicate 
with Doctor Celso-Ramon Garcia, Program Director, any time. How- 
ever, applications will not acted upon prior the given date for the 


particular vear selected. Whenever possible, arrangements should made 
for interview with member the selection committee. The members 
the advisory and selection committee are: 


Doctor Gregory Pincus 
Worcester Foundation for Biology 
Shrewsbury, Massachusetts 


Doctor Warren Nelson 
The Population Council, 
Institute 

66th Street York Avenue 
New York 21, New York 


Doctor Khanolkar 
Indian Cancer Research Centre 
Parel, Bombay 12, India 


Doctor Roberto Caldeyro-Barcia 
Servicio Fisiologia Obstetrica 
Medicine 

Avenida Gral. Flores, 2125 
Montevideo, Uruguay 


729 


| 


730 TRAINING PROGRAM Volume 


Doctor Takeshi Nakao 

Tokyo Jikei-kai School Medicine 
Department Pharmacology 
Atago-cho, Shiba, Minato-ku 
Tokyo, Japan 


Doctor 
Weizmann Institute Science 


Box 
Rehovoth, Israel 


The program will consist course lectures and laboratory work. 
During the latter part the year, each Fellow will have the opportunity 
participate research project pertinent his interests and within 
the capacity the program. 

The lecture series will given the Program Director, various mem- 
bers the staff the Worcester Foundation, and guest experts. The 
lectures and accompanying laboratory work will cover various phases 
reproductive processes, particularly mammals. Subjects treated 
will involve review reproductive processes the male, including con- 
sideration spermatogenesis, hormonogenesis, the control testis func- 
tion, and the functional endocrinology testis hormones. 
attention will given oogenesis, ovulation, and fertilization the 
female, factors affecting the entire course and embryonic de- 
velopment, well the postnatal physiology the female. Additional 
topics will include the role extra-reproductive tract organs reproduc- 
tive processes, genetic and nutritive factors reproduction, and the con- 
trol fertility and sterility. 

Laboratory exercises will include the study characteristic reproductive 
phenomena various species, analytic procedures employed determin- 
ing the chemistry reproductive organs, the biochemistry spermatozoa 
and ova, and hormone analyses pertinent gonad function, sex cycles, 
gestation and lactation. 
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GORDON RESEARCH CONFERENCE 


CHEMISTRY, PHYSIOLOGY AND STRUCTURE BONES AND TEETH 


10-14 July 1961 
Kimball Union Academy 
Meriden, New Hampshire 


Chairman 
Roy Vice Chairman 
July 


Selected Communications 
Chairman 
Evolution Bone Tissue 
Chairman 
Denison. The Habitat the Earliest Vertebrates. 
Eric The Skeleton the Early Vertebrates 


July 


Evolution Bone Tissue (Continued) 
Chairman 
ALFRED Romer. Vertebrate Paleontology 
The Last Phase Human Evolution 
Vasculature and Hemodynamics Bone 
Chairman 
Anatomical Considerations Circulation 


July 


Vasculature and Bone (Continued) 
Chairman 
FRIEDRICH The Problem Transport Between Blood and 
Bone 
James Wray. The Response Periosteal Vessels Certain Vasomotor 
Agents 


July 


Physical and Chemical Reactions Bone Mineral 
Neuman, Chairman 
ing Systems: Part Embryogenesis, Part Maturation. 
Myers. Surface Properties Apatite 
Posner. Balance Synthetic Biological Apa- 
tites 
Defects Mineralization and Mineral Reserve 
Heaney, Chairman 
STEENDIJK. Observations Calcification Affected Intravenous 
Administration Inorganic Phosphate 
Lutwak. Osteoporosis and Its Treatment, Evaluated 
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GORDON RESEARCH CONFERENCE 


Volume 
July 


Defects Mineralization and Mineral Reserve (Continued) 
Heaney, Chairman 
JENIFER The Structure Bone Relation Age and Osteoporosis 


Bone Formation and Metabolism Relation Osteo- 
porosis and the Aging Process 


Attendance. Requests for attendance the conferences, for additional information, 
should addressed George Parks, Director, Department Chemistry, University 
Rhode Island, Kingston, Rhode Island. From June September 1961 mail for 


the office the Director should addressed Colby Junior College, New London, 
New Hampshire. 


Registration and Reservations. Attendance the Conferences application. Indi- 
viduals interested attending the conferences are requested send their applications 
the Director least two months prior the date the Conference. 
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